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INTRODUCTION
The purpose of this thesis is to make the reader aware
of the dangers that are ever-present in the artist's studio.
It is not intended to scare him or her back into stone-age tech
nology. The first, most basic step in preventive safety is to
educate the user to the hazards of the material. It is presumed
that the artist will understand the technology of his or, her
particular field. It should also be assumed that he or she will
understand the dangers of the materials used. Most materials,
if handled with proper respect, can be used safely; and, for the
most part, good safety measures require only good common sense.
Most of the information gathered comes from studies of
occupational exposure. A first assumption might be that in in
dustry the exposure would be far greater than any student or
practicing metalsmith would ever encounter. This is not always
the case, for many times, the metalsmith is exposed to far
greater concentrations of a hazardous material in his studio
than the worker is in industry. This is due to the fact that
ventilation in most studios is far from adequate, and the metal
smith will most often not use any kind of respiratory protec
tion. His exposure will be far more intense than the worker
who spends his working hours in a properly controlled environ
ment. Many times the
"smith"
will remain in close contact with
materials that he does not even realize are dangerous.
There is a new product discovered roughly every twenty
minutes, and there is no way to predict its long-term effects.
With any new and unfamiliar material, greater caution must be
exercised than with those materials whose effects are already
known .
There is the prevailing attitude that the warnings given
on the labels of certain materials are overstated and that man
ufacturers are overcautious. This is not the case. Most of
the warning labels far underrate the hazards of the material.







skin, eyes and clothing. In case of contact,
immediately flush skin or eyes with plenty of
water for at least 15 min. For eyes, get im
mediate medical attention. Wash clothing before
reuse. DO NOT TAKE INTERNALLY. If swallowed,
vomiting should be induced at once, and call a
physician. USE WITH ADEQUATE VENTILATION- -
avoid prolonged breathing of vapor.
KEEP OUT OF REACH OF CHILDREN
This may seem more than adequate information regarding the pro
duct. What the label does not state is that in addition to
everything listed above, methyl methacrylate can cause
irrita-
tion of the respiratory tract if inhaled, headaches, loss of
appetite, irritability and oppressive drowsiness or inclina
tion to sleep, decreased blood pressure and nausea.
Many products list the immediate effects and such lists
are helpful in preventing acute reactions. But rarely do they
state the possible long term or chronic effects. In twenty-
thirty years, benzene can cause deformation of the bone marrow
which will result in leukemia; asbestos can .causecanc r of the
lining of the abdominal cavity; vinyl chloride can
cause-'
unde
tectable (until incurable) cancer of the liver. It is for these
reasons that I feel it is essential that the artist understand
the nature of the material with which he or she is working.
There is also a feeling of immortality among artists;
that is the "it won't affect me, not just this one
time"
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tude. No one can be sure of that. Almost half of the asbestos
workers exposed to asbestos before World War II have died. It
has been proven that some of the people who died were exposed
to the material only once; others were those whose only contact
was washing the clothes of the workers. Wearing an approved
respirator may ruin the romantic image of the artist, but.it
may save his life.
If a person is using a material that contains no warning
data, the manufacturer should be contacted for a complete com
ponent analysis. This information should then be checked in one
of the toxicology books listed in the bibliography, for possible
dangerous properties. It is the right of the artist to have
full information about the materials with which he works.
Because a material is listed in a book does not mean that
it is safe to use without precautions. In one jewelry text book,
one repeatedly reads the suggestion to use benzene as a good,
general solvent. Benzene has both acute (fast-acting) and chron
ic (long-term) effects on the body. One professor of Occupa
tional Medicine, Bertram Carnow, states that it should never be
used because its effects are so dangerous. A less dangerous sol
vent should be substituted.
Occupational medicine is not new. Bernardino Ramazzini
wrote in 1713 of the hazards involved in painting, in his book
De Morbis Artificum (Diseases of Workers). In recent years, with
the passage of the Occupational Safety and Health Act (OSHA),
there has been much attention focused on the conditions of the
worker's environment. Dr. Jeanne M. Stellman and Dr. Susan Daum
wrote an excellent book entitled Work is Dangerous to Your Health,
a volume "dedicated to a world in which workers have eradicated
the health hazards of
work."
It is time to realize that we do
have control over our health and safety . Because we work with
dangerous materials does not mean that we have to resign ourselves
to their hazards. There must be a willingness to change work
habits, and not perpetuate the myth that "because it has not
affected me yet it will not
ever."
It may be affecting you
now, although the symptoms won't surface for years. The "worry
about it
later"
attitude must stop. ... there might not be a
"later." '
SECTION ONE:
ESSENTIAL DEFINITIONS OF TERMS USED IN THE TEXT
ESSENTIAL DEFINITIONS OF TERMS USED IN THE TEXT
The terms that are defined here will appear in the text
with reference to particular processes, materials and hazard
symptoms .
TOXICOLOGY
Toxicology can be defined as the study of the effects of
poisons on the living organism. Unlike physics, chemistry or
mathematics, the study of medicine is not an exact or complete
ly predictable science. Therefore the effects of toxins on a
given individual cannot always be predicted with
total'
accuracy.
There are certain factors that must be taken into account when
the effects of a toxin are considered. Dr. Bertram W. Carnow,
Professor and Director of Occupational and Environmental Medi
cine at University of
Illinois'
School of Public Health, .de
scribes two major concepts that he believes must be taken into
consideration when determining the overall effect a toxin might
have on an individual.
The first concept he calls "total body
burden."
By this
he means the extent of total contact an individual might have
with a particular toxin. There are certain materials with which
we have daily contact, because they are either trace elements in
our bodies or we are exposed to them in small, fairly harmless
quantities in our daily existence. Some examples of these ele-
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ments and compounds are lead, mercury, nitrogen and carbon mon
oxide. If, in addition to uncontrollable exposure, there is
an added occupational exposure, serious problems can occur.
Lead, for example, is encountered frequently in daily activi
ties. There is constant exposure to it from the exhaust of
cars, in some packaging, in some paints and in cigarette smoke.
The body can eliminate small quantities of certain toxic sub
stances. If there is additional exposure, through a person's
occupation, to toxic substances that already exist in small
accumulation in the individual, then the burden becomes too
much for the body to handle. It is then that
symptoms*
of the
toxic effects on the body may become visible.
Carnow's second concept deals with the
"multiple'
insults
of different materials to a target
organ."
Toxins enter the
body through skin contact, through the lungs and through the
digestive system via the mouth. Those organs represent the
body 's first line of defense, and they must constantly be de
fending themselves against the onslaught of environmental and
occupational hazards. Therefore, if one toxin severely weakens
the defense organ, another toxin may easily gain entry. For
example, if the lungs are impaired through constant exposure to
cigarette smoke, they are less able to withstand further stress
from other hazardous materials. Those who smoke are more sus-
ceptable to lung disorders than are those who don't. Exposure
to any one toxin may have no effect at all, provided the de
fense organs are not already impaired. But the combination




The degree with which the toxin will affect the indivi
dual depends on a number of factors, including the person's
age, health, environment and the target organ of the material.
These are the factors Michael McCann in his Health Hazards
Manual for Artists booklet, uses to. describe high-risk groups.
He writes that children are in this high-risk category, due
to the immaturity of their body tissues. These amounts of a
toxin that would have serious effect on a child may have no
effect on an adult. Some of the other individuals who qualify
as high risk are: Smokers, excessive drinkers, older people,
those already suffering from disease -weakened organs and people
prone to allergies.
TOXICITY AND POISONS
Dr. Leonard J. Goldwater
,
Professor of Occupational
Medicine at Columbia University, defines toxicity as "...the
ability of a chemical molecule ot compound to produce injury









N. Irving Sax (New
York): Van Nostrand Reinhold Co., 1968), p. 1
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He defines poison as, "... a substance which causes harm
to living tissues in relatively small doses.
"2 When determin
ing the effects a poison may have, the quantity or dosage must
be taken into consideration. Almost any substance can be harm
ful if the exposure is great enough. Therefore, what must be
considered when determining the effect of a material on the body
are the :
"1) Quantity or concentration of .the material
2) Duration of exposure
3) State of dispersion (size of particle or
physical state, e.g., dust, fume, gas,, etc.)
4) Affinity for human tissue
5) Solubility in human tissue fluids
'
6) Sensitivity of human tissues or organs.
"J
There is standard nomenclature that is applied when clas
sifying the state of toxic substances. The following defini
tions have been adopted by the American Standards Association:
"Dusts
Solid particles generated by handling, crushing, grinding, rapid
impact, denotation and decrepition of organic or inorganic mater
ials such as rocks, ore, metal, coal, wood, grain, etc. Dusts
do not tend to flocculate (form into small, fluffy masses as
clouds )except under electrostatic forces; they do not diffuse
in air, but settle under the influence of gravity.
Fumes
Solid particles generated by condensation from the gaseous state,
often after volatization (evaporating rapidly at ordinary temp
erature on exposure to the air) fromnolten metals, etc., and often
accompanied by a chemical reaction such as oxidation. Fumes






Suspended liquid droplets generated by condensation from the
gaseous to the liquid state or by breaking up a liquid into a
dispersed state, such as by splashing, foaming and atomizing.
Vapors
The gaseous form of substances which are normally in the solid
state and which can be changed to these states by either in
creasing the pressure or decreasing the temperatures alone.
Gases
Normally formless fluids which occupy the space of enclosure and
which can be changed to the liquid or solid state only by the
combined effect of increased pressure and decreased temperature.
Gases diffuse.
"4-
Toxins can exist as solids, liquids or powders as well; those
physical states are more universally recognized.
MODE OF ENTRY
In the discussion of a particular toxin, one must be aware
of the method of absorption to understand its effects on the
body. The body has been compared often to a machine but the
analogy is adequate only up to a point. Like a machine the body
has filters, pumps, fluids and runs on energy. The body is
unique in that it is the only
"machine"
that has the ability to
heal itself. The body will mend and replace tissue if cut.
When the body is bleeding, cells in the blood called platelets,
will coagulate to form a clot and stop the bleeding. The body
4Ibid, p. 4
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will attempt to isolate toxins and eliminate them from the
body. All of the preceding are examples of the body's natural
defense system that works to combat daily assaults from the en
vironment.
Toxins can, however, penetrate the body's defense system
and gain entry to the body nonetheless. The three main routes
are through the skin, through the nose or through the mouth.
Skin Entry
When a toxin comes in contact with the skin.it can have
local effects at the site of exposure. It can cause skih erup
tions like pimples, ulcerations, rashes or burns. The toxin
may also be absorbed into the body through unbroken skin
(per-
cutaneously), as is the case of many of the components of
plastic manufacturing; or the toxin may enter the body through
broken skin as in a cut. If the toxin passes through the skin,
it will be absorbed into the bloodstream and be carried to all
parts of the body.
Nose and Respiratory Tract Entry
It has been estimated that ninety percent of all indus
trial poisoning is a result of absorption into the
lungs.'
It
is the main source of hazard effects to the internal organs.
The inhalation of a poison can have local effects on the respir
atory tract as well: The mucous linings all along the tract can
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be irritated. The substances inhaled may pass through the small
est structures of the lungs, be absorbed into the blood stream,
and be carried to other organs of the body. Those substances
that pass through the lungs into the blood stream are termed sol
uble because they are dissolved in the blood. The substances
that do not dissolve in the blood usually remain in the lungs
for a long time, perhaps even forever (as in the cases of asbes
tos, silica and beryllium). These toxins remain in the lungs and
can cause serious reactions for years- after the expo
sure.
Mouth and Digestive Tract Entry
This is a less frequent mode of entry than either the skin
or the respiratory tract. If personal hygiene is lax, toxins may
enter the body through contaminated hands; if food is eaten around
the work site then there is the possibility of
ingesting* (swal
lowing) toxins; and toxins can be taken in through cigarettes as
well as by cigarette tobacco picking up toxins in the surround
ing atmosphere. Once ingested, the toxins enter the digestive
system. All that is eaten is not automatically absorbed into the
blood stream. If harmful materials are absorbed in small -quan
tities, the body's natural defense system can combat them. Toxic
substances travel to the liver where they are changed into harm
less substances to be eliminated from the body. If the liver is
bombarded by too many toxic substances at once, it may be damaged.
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ACUTE VS. CHRONIC EFFECTS
Toxins can affect the body in two different forms. The
effects can be recognized immediately or they may be years in
surfacing.'. If the symptoms occur both severely and immediately^
this is termed an acute reaction. If the symptoms occur slowly,
with many years passing between exposure and disease, these
effects are termed chronic.
Typical symptoms of an acute reaction #re severe cough
ing, difficult breathing spasms, violent convulsions, and dif
ficulty in seeing. The symptoms occur from within seconds to a
few hours after exposure to the toxin. Most acute reactions are
over in a few minutes, hours or a maximum of a few weeks. If
the person survives, he will either recover completely or suffer
permanent disabilities. There are acute reactions that occur
with such speed that medical help of any type will not prevent
death or permanent disability. These are called fulminant reac
tions.
Chronic reactions are far more insidious and far less
easily recognized. They may be so slow in coming that they are
often not attibuted to the original source. Many times the symp
toms are present for so long that the individual becomes used to
them; examples are a ringing in the ears, headaches or habitual
sniffling or coughing. Many times the disease continues to pro
gress long after the exposure has ceased. This is because the
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toxin may never be eliminated from the body (as is the case with
asbestos), and continue to have an effect on the tissues and or
gans even though exposure to asbestos has been terminated years
before.
Chronic diseases resulting from occupational exposure can
occur over a long period of time. One may be exposed to only
very small amounts of a substance (like silica, lead or chlorine)
over a number of years. These individual exposures may not be
toxic in themselves but cumulated over a period of time they can
have adverse effects leading to chronic diseases. Daily.
irrita-
*
tion of a particular organ may not be noticed until the irrita
tion results in a total malfunction of that organ.
THRESHOLD LIMIT VALUES
According to the American Conference of Governmental Indus
trial Hygients (ACGIH), the threshold limit values (TLV's) "rep
resent conditions under which it is believed that nearly all
workers may be repeatedly exposed day after day, without adverse
effect.
"-> Threshold limit values may also be referred to as
threshold limits (TL) or, in the past, maximum allowable concen
trations (MAC). There are also the acceptable concentrations de
vised by the American Standards Association (ASA), which are
closely related to the threshold limit values. These standards
5Ibid, p. 1
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were designed to prevent:
"1) Undesirable changes in body structure or
biochemistry
2) Undesirable functional reactions that may
have no effects on health
3) Irritation or other adverse sensory
effects.""
The threshold limit value for gases and vapors is usually
expressed in parts per million (ppm) which means the determined
safe level of gas or vapor allowable per million parts of air.
*
The threshold limit for fumes and dusts and mists is
usually expressed in milligrams per cubic meter of air. (mg/m ).
Complete literal application of threshold limit values
can be dangerous. Many times TLV's are derived from speculation
or experiments on animals; only in a very few cases have the
limits been established directly from observations of humans in
an occupational situation. Also, many industrial exposures
in-
volve a mixture of a few compounds rather than a single material,
and not much is known about the effects of multiple compounds on
the human body. Individuals vary greatly in their susceptibili
ties to a particular toxin, so that while a material might be
safe at a prescribed level for one individual it may have a
severely adverse effect at that same level on another person.
Also, it may be thought that if the TLV on one material is half
the TLV of another material then the first is half as poisonous
'Ibid
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as the second. This is not always the case. Probably the most
important use of threshold limit values is as a measure for
which correct ventilation systems may be established.
SECTION TWO:
BASIC PHYSIOLOGY AND ANATOMY OF SYSTEMS EFFECTED
BY




















BASIC PHYSIOLOGY AND ANATOMY OF SYSTEMS
AFFECTED BY THE ABSORPTION OF TOXINS
To understand how a toxin will affect the body, one must
first have', basic understanding of how the body functions. Fol
lowing is a brief discussion of the systems that can be affected
by hazardous materials of the workplace.
Respiratory System
It is estimated that ninety percent of. all industrial
poisoning is the result of materials .broughtinto the body
through inhalation, making the respiratory system one of the
most important means of entry into the body for toxic substances.
The respiratory system is organized into a number of parts. The
inhaled air must first pass through the nose and/or mouth. It
then travels through the pharynx (throat), a route that is used
by both food and air. The pharynx branches off into two tubes,
one conducting the food to the stomach (the esophagus), and the
other sending the inhaled air to the lungs. This air passage to
the lungs is further subdivided into the larynx (housing the
vocal chords), which opens into the long tube called the trachea
(or windpipe). The trachea divides into the two bronchi one of
which is connected to each lung. The lungs are not large empty
sacs; they are organs filled with many progressively smaller
structures called bronchi. The bronchi finally end tiny struc
tures called the alveoli (or air sacs).
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The alveoli are extremely delicate and very efficient
organs. It has been estimated that if the alveoli are spread
out, they could cover an area approximately the size of a tennis
court. The air sacs have a surrounding membrane one-millionth
of an inch thick. Blood flows all around the outside of these
sacs and inhaled air fills their interiors. The membrane is so
thin that the transfer of oxygen and carbon dioxide is easily
achieved across it. It is possible for toxins to reach this
delicate part of the lungs, because all inhaled air travels ul
timately to the air sacs.
All air is filtered and humidified before it reaches the
alveoli. This is achieved in a number of steps. First, the air
is filtered as it passes through the large hairs and moist mucous
membranes of the nose. Next, the air is ushered by the micro
scopic hairs (the cilia), through the trachea to the bronchi.
Both the bronchi and still smaller tubes, the bronchioles, have
a mucous lining as well. This serves to trap any tiny particles
of dust that have been inhaled. The bronchioles have an addi
tional defense mechanism: small muscles at their openings con
strict to seal them off from any particularly irritating gases
in the environment. This sealing off will also prevent any oxy
gen from reaching the air sacs and will result in the individual
having to vacate the area of the noxious fume in search of fresh
air.
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The cilia and the mucous linings serve as part of the de
fense system the respiratory organs use to combat toxins. The sense
of smell can be used as a warning system as well. The odor-sen
sitive cells located in the nose can detect a harmful substance
before it reaches the lungs and the individual can choose to stop
breathing. The shortcoming in this system is that once
accus-
tomed to a smell, those cells can lose their ability to detect
the toxin. This is referred to as olfactory fatigue.
The sense of smell, mucous membranes, bronchioli muscles
and cilia all work to protect the lungs. But under the -duress
of constant exposure, particularly to hazardous materials, this
defense is inadequate and the lungs can become damaged anyway.
There are certain substances that, if inhaled in large
quantities, can cause burns in the tissues of the lungs. They
first dissolve the mucous linings; this can occur within minutes
or hours depending on the gas. The resulting solution is what
then burns the lungs. As with a skin burn, the air sacs fill
with fluid, which prevents the transfer of oxygen. This condi
tion is referred to as pulmonary edema, and is an acute reaction
of the lungs. It would be much the same as drowning, for. the
lungs fill with fluid and it is impossible for the victim to
breathe.
The lungs are also plagued by a number of chronic diseases
such as chronic bronchitis and emphysema. They are the end re-
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suit of constant irritation of the lungs due to environmental
and work-related pollution as well as cigarette smoke. All
aggravate the lungs and connecting tubes and cause an excess
of mucous production which serves as insulation. This makes
breathing 'increasingly more difficult and the individual will
cough more to remove this excess. If the delicate air sacs are
destroyed^ emphysema will result. All diseases of the lungs
increase the effects of hazardous materials.
Another symptom of lung disease is caused by asbestos.
It is called pulmonary fibrosis and means lung scarring. Be
cause the lungs can neither eliminate nor decompose asbestos
dust, they build up scar tissue to isolate it, which is called
fibrosis. The walls then become quite thickened and inelastic,
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CIRCULATORY SYSTEMS
The components of the cardiovascular or circulatory sys
tem are the tubes or blood vessels through which the blood flows,
and the heart, which acts like a pump to initiate this flow. It
is because the cells of higher animals are differentiated into
tissues and organs each with a specialized function, that this
system is necessary, since there must be some.means to transport
materials thoughout the body. This is achieved through the cir
culation of the blood.
The blood has sometimes been called a liquid tissue. It
is made up of a liquid
--plasma-
-which suspends the specialized
cells. These cells are the red blood cells or erythrocytes,
the white blood cells, and the platelets. The red blood cells
carry the oxygen to all parts of the body; the white blood cells
fight infection; and the platelets serve to begin the clotting
process. The plasma is far more complex. It contains a large
number of organic and inorganic substances dissolved in water.
The largest component by weight in the plasma are proteins, some
of whose functions are determining clotting factors, and trans
portation of vitamins, minerals, fats and antibodies.
The blood travels the body through two separate circuits,
one from the right side of the heart, the pulmonary, the other
from the left
.side,
the systemic. All the blood from the right
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side of the heart travels to the lungs, where it picks up oxy
gen and releases carbon dioxide it has received from the tissues,
Once oxygenated, the blood travels to the left side of the heart
and out to. the organs of the body. The blood makes a full
circle, traveling through the pulmonary system, then to the sys
temic system and so on back and forth.
Any of the vessels in either system that carry blood
away from the heart are called arteries. Vessels that carry
blood from the lungs and tissues back into the heart called
veins. The blood vessels continue to branch out into -smaller
and smaller vessels. From the aorta, the main vessel carrying
blood away from the heart, the vessels branch off into arteri
oles, and ultimately to the very delicate, small, thin vessels
called the capillaries.
The small blood vessels and arteries are carefully con
trolled by nerves and chemicals in the blood called hormones.
The impulses received from the nerves and chemicals guide the
vessels in their expansion and contraction, which in turn con
trols the flow of blood.
The heart is essentially a modified blood vessel. . Its
rhythmic contractions pump the blood to all parts of the body.
The heart can be damaged if it has to overwork. When the heart
has to pump blood through narrowed blood vessels, heart disease
can result. Narrowed blood vessels may occur in lungs where
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there is chronic lung disease or scar tissue, or as a result
of high blood pressure. It has also been discovered that people
who are exposed to noise suffer a narrowing of the small blood
vessels and in turn have increased resistance to blood flow.
It is the protein hemoglobin in the red blood cells that
picks up t'he oxygen from the air in the lungs and transports it
to the workplace that interfere with this process. For 'example,
carbon monoxide, which is encountered any time there is incom
plete combustion, bonds approximately two hundred fifty .times
more readily to the hemoglobin than does oxygen. If a high
concentration of carbon monoxide enters the blood for more than
a few moments, the person will die.
The red blood cell membrane can be damaged by solvents
such as toluene and benzene and metals such as lead, causing the
cell to rupture. When that occurs, the hemoglobin is released
into the blood stream and can damage the kidneys. The cells of
the blood are produced in the bone marrow. There are many drugs
that can damage the marrow and interfere with its cell producing
capabilities. Anemia results if the number of red blood cells
falls too low. If there are not enough white blood cells being
produced, serious infection may result. Benzene in small doses
of repeated exposure can cause serious problems in the bone marrow.
Years later the result of the dried-up bone marrow can be leukemia
symptoms of which are cancerous cells that multiply rapidly and
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eventually replace the entire blood stream. Leukemia can be
controlled and treated to slow down the process, but is ultim
ately fatal.
THE LIVER
The liver, a large organ located just under the rib cage
in the upper portion of the abdomen, works as the "chemical
factory"
of the body and in this capacity it performs many func
tions. There is a special circulation between the
liver--
and the
intestines called the portal system. From this blood supply,
the liver receives all the digested foods, drugs and chemicals
absorbed from the intestines. With these the liver either makes
simple chemicals essential to the energy supply of the body, or
it makes new chemicals like enzymes or hormones. The liver also
has the capacity to render very small quantities of harmful
materials inactive, and it destroys those body chemicals that
are no longer needed. The liver is also the site of bile cre
ation. The components of bile serve to break down the fats
within the intestines.
If the liver ceases to function properly, all of these
essential processes will be interrupted. If the chemical break
down functions of the liver cease to operate, an unhealthy
abundance of the body's natural toxins may result. Severe liver
damage may be by tremors, confusion, personality
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changes or coma due to the action of toxic chemicals on the
brain. Swelling of the liver is called hepatitis. Repeated
episodes of hepititis can result in cirrhosis or scarring of
the liver.- Many of the chemicals with which we come in contact
in the work place can cause liver damage, including antimony,
















On each side of the vertebral column, at the back of the
abdominal column, lie the kidneys. Each kidney is a highly com
plicated structure containing approximately one million tiny
filter tufts that are all similar in structure and function.
These tufts, called nephrons, are further divided into vascular
and tubular components, upon whose relationship the functions
of the kidney is dependent. The blood circulates through these
microscopic tufts and is filtered. The capillary tuffs, 'or
glomeruli, work to separate the water and salts from the protein
and cellular components in the bloodstream. The water and salts
travel to the kidney, while the protein and cells
remain- in the
blood. The water and salt mixture is commonly known as urine.
Once separated out, the urine will pass from the tufts
into small, coiled structures called tubules. The urine con
tains sugar which at this point the tubules remove and send back
into the bloodstream. The tubules can also correct, through
a feedback mechanism, any irregularities in the water-to-salt
ratio in the urine. The kidneys serve to keep the body chemis
try carefully balanced. All the tubules lead into one single
tube that is connected to the bladder. When the kidneys have
completed their filtering and balancing functions the urine is
sent to the bladder and eventually leaves the body.
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Because the kidneys act as one of the body's major blood
filters, they can be seriously damaged by the toxins that travel
the blood stream. Symptoms of kidney disease are non-specific;
they can manifest themselves in many seemingly unrelated ways.
If the volume of the liquid in the body is unbalanced, the pa
tient may suffer high or low blood pressure. If there is too
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much salt in the urine, edema may result. This is a swelling
due to an accumulation of fluid in the tissues. High blood
pressure can cause ailments of the heart. If there are abnor
malities in the salt concentration, muscle weakness may develop,
and there may also be heartbeat irregularities. Increased
nitrogen in the blood will cause a loss of appetite and gener
alized weakness and fatigue. Most kidney diseases will be ac
companied by anemia (a general or local deficiency in the amount
of hemoglobin or the number of red corpuscles in the blood).
Many of the substances encountered in the studio can have
an adverse effect on the kidneys. The kidneys are always work
ing, and therefore need a constant supply of blood nutrients
and oxygen. Chemicals that interfere with this can cause kidney
malfunction. Carbon monoxide is a good example of this, be
cause it affects the blood's ability to pick up oxygen. Alter
ations in circulation due to environmental heat changes can cause
a strain on the kidneys. Overexertion causes an excess of blood
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to flow to the working muscles and may result in kidney
damage.
There is also a host of chemicals that have adverse effects on
the kidney and may cause chronic or acute reactions.
"COMMON CAUSES OF KIDNEY DISEASE:
Poor oxygen or blood supply to kidneys:
Shock from injury causing hemorrage
Allergic reactions causing low blood pressure
Acute carbon monoxide poisoning
Heat stroke
Vibration
Chronic exposure to heat
Lead
Carbon disulfide
Damage to tube cells:
Mercury, chromium, arsenic, cadmium, bismuth, carbon
tetrachloride (partial listing)
Release of hemoglobin or myglobin into urine:
1 ) Ar s ine
2) Crushing injuries
3) Lightening or other high voltage
electricity"1
Jeanne M. Stellman, Susan M. Daum, Work is Dangerous










The nervous system is subdivided into two main segments.
The first of these is the central nervous system, consisting
of the brain which is protected by the skull, and the spinal
cord, which is protected by the vertebral column (backbone).
The second is the peripheral nervous system, made up of .all the
nerve cells which lie outside the skull and vertebral column.
The nervous system is perhaps the greatest achievment of
biological evolution. It is essential to keeping all
*the'
body
functions working. Without it, the heart could not pump, the
muscles would remain inactive, breathing would cease. In addi
tion to supervising all the mechanical workings of the body, the
nervous system also governs throught processes and emotions.
The nervous system is highly complex and may be more
easily understood if it is broken down into parts. The central
nervous system is the controlling center of the body. While the
actual thinking process is barely understood, we know that cer
tain parts of the brain control certain functions of the body.
Coming from the brain are twelve pair of nerves that control
vision, eye movement, the senses of smell and hearing, and a few
other functions. The spinal cord is, in essence, an extension
of the brain. From it, thirty-one pairs of nerves extend and
divide to control the limbs, organs, muscles and skin.
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These nerves that extend to all parts of the body and
return to the central nervous system are part of the peripheral
nervous system. The nerves leaving the spinal column are as
sembled into groups called plexuses. From these plexuses,
nerves branch systematically to reach all parts of the body, to
control all its activity.
Any injury to the brain or spinal cord in the form of a
cut is very serious, because these organs do not repair them
selves. Sometimes injury to the peripheral nerves can be re
paired. Many of the materials that are used in the stud;io (such
as mercury and lead) can interfere with the chemical transfer
of the nerves. Their interference may result in paralysis
(stoppage of impulses). There may also be too much or too little
stimulation, which will produce tremors, loss of reflexes and
loss of feeling. If exposure is brief, the effects may "be re
versed, but long exposure can result in permanent damage.
The brain can act as an excellent warning device against
toxins. It is an extremely delicate and vital organ that re
quires a constant supply of oxygen. If its supply is interrup
ted, the brain will react immediately. Signs of this are dizzi
ness or drowsiness and headaches. At that point, permanent
brain damage has not usually occurred, but nevertheless, it is
a warning that there are materials entering the body that should
not.
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The peripheral nerves are subdivided according to their
functions. Those that carry messages from the central nervous
system are the motor nerves, while those that bring messages
back are sensory nerves. There are also nerves that control
the body's mechanical functions. These nerves, called the auto
nomic nervous system, usually operate independently of the
con-
scious mind. The messages of this system are carried in the
blood. This system can be further divided into two parts;
the sympathetic nervous system and the parasympathetic nervous
system.
The sympathetic nervous system has control over the
body's reaction to stress. It will control the facial blush,
the flash of anger, the extra palpitations of the heart before
an athletic match, breaking into a sweat before a trying or
nervous situation or the jitters before an exam. This system
is "in
sympathy"
with the body's emotional surroundings. It
is non-specific, and often produces a flood of reactions to
stimuli.
The parasympathetic nervous system is fairly specific
in its function. It controls digestion, emptying the bladder,
mucous secretion, etc.
The nervous system is highly complex and is in very
delicate balance. Many of the conditions and chemicals found
in the workplace can upset this balance, causing physical,
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emotional and personality changes.
"CHEMICALS THAT AFFECT THE NERVOUS SYSTEM:
Depression of Central Nervous System;
Acetates, alcohols, brominated chemicals,
chlorinated chemicals, ethers, ketones
Brain Poisoning:
Carbon disulfide, hydrogen cyanide, hydrogen
sulfide, stilbene, arsine
Brain Damage by Oxygen Deprivation:
Asphyxiating gases, carbon monoxide
Nerve Function Disorders :
Organophophate pesticided and plasticizers,

















HICKOSCOPIC CPP55-SE.CTIOM OK IL.
40
THE SKIN
Although the skin is highly resilient to the hazards of
the environment, it is still the most commonly injured organ
of the body. It has been reported that sixty-five percent of
all occupational diseases involve the skin.
The skin is structured in two layers: the dermis inner
layer, and the epidermis or outer layer. The epidermis is made
up of tightly packed cells that are constantly undergoing the
process of dividing and replacing the old or damaged cells with
new ones. As the young cells get older, they push out towards
the outer surface of the skin. There is a tough protein, called
keratin, that protects the skin against chemicals, dust
germs that is produced at the same time the cells are moving
outward. The outermost layer of skin is a corobind:ion of ker-
atin and dead layers of epidermis cells. This is also the site
of skin pigmentation production. To regulate the body temper
ature, the epidermic layer contains blood vessels, sweat glands
and hair follicles. Also located here are the glands that pro
duce a waxy substance which serves as a protective coating for
the epidermis. The waxy coating, keratin and dead outer cells
all act as a protective barrier against chemical and physical
damage.
The dermis or inner layer of skin is made up of fat and
connective tissue. It functions as insulation for the body
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and as the tissue that connects the epidermis to the body.
Although the skin protects itself from many of the
"insults"
caused by the environment, it can be damaged rela
tively easily by many of the materials commonly found in the
studio. The keratin layer can be dissolved by certain soaps,
caustic chemicals and alkalies. There are also solvents and
detergents that dissolve the waxy coating.




hardened or flacky, the condition is called dermatitis
(skin inflammation).
There are chemicals that affect the skin locally, at the
site of exposure, which are called primary irritants. These
chemicals injure the skin by penetrating the outer protective
layers then damaging the lower layers. Certain of these sub
stances have a universal effect on all people who come in con
tact with them. There are some materials that affect the skin
far less severely and usually after prolonged exposure. Some
chemicals affect the skin only after the outer surface has
suffered a previous injury, like a blister, cut, dryness, heat
or cold.
If the skin, has been damaged by a primary irritant, com
mon dermatitis will occur. The symptoms of this may be sores,
pimples, scales or flakes. They always appear at the site of
the contact with the irritant and usually do not spread.
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Stellman lists the "Important Irritating Industrial Chem
icals."
It is a long list from which are excerpted substances
encountered in a metals studio:
"Ammonia, antimony compounds, barium compounds,
benzene, beryllium compounds, boron compounds,
cadmium compounds, copper compounds, fluorine
compounds, hydrocyanic acid , hydrogen fluoride,
hydrogen sulfide, iodine, kerosene,
ketones,'
mercury compounds, nickel compounds, nitric
acid, methyl chloride, hydrogen chloride,
platinum salts, silver compounds, sodium and
potassium hydroxides, styrene, sulfuric acid,..
tin compounds, toluene, tr'ichlorethylene ,
vinyl choride, xylene, zinc
compounds."-'
There are some substances that are not irritating to
everyone. Such substances become irritating only after the
individual has become sensitized to them. This will happen
when a substance attaches itself to the skin and changes the
body chemistry. The body's "immune
system"
will then react
to combat this foreign substance, causing inflamation or der
matitis. Once the body has learned to combat this substance,
it will continually react to it even if the foreign substance
is present only in small quantitites. Sometimes even after
the exposure has ended the body will continue to react against
the already inf lammed tissue. The immune system protects the
body against certain diseases such as measles, working to our
advantage in that instance; yet it can work against us in the







Contact dermatitis will take time to develop--it will
never occur on the first exposure. The earliest reaction will
appear
no-
sooner than five days and usually it takes about
two or three weeks. Sometimes it can occur as late as twenty
years later, if the substance has been handled repeatedly. The
length of reaction time is dependent on how allergic the in
dividual is and how much of a sensitizer the 'material is.
If careful attention is not given to personal cleanli
ness, there are other types cf skin disease that may result.
Oils and waxes can produce blockage of the hair folicles, oil
glands and sweat pores. Oils and waxes can also act as direct
irritants by removing the skin's own protective barrier, leav
ing it dry and cracked. Skin contact with oils, tars and
waxes can cause a number of rashes (acne, blackheads) Which
are the result of blocked glands. Thorough and frequent wash
ing with soap and water will usually be enough protection
against these irritants. Waterless cleaners are also of some
benefit.
There are some chemical and physical substances that
can cause cancer if there is excessive exposure to them. Most
of these
"carcinogens"
cause several types of cancer. Skin
cancers will usually occur after twenty to thirty years of
exposure. It can occur in a shorter time, however, if the in-
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dividual is susceptible. Some of the chemicals that can cause
skin cancer are: pitch, oil and wax, derived from coal tar;
shale oil and wax-, grease -, cutting oil; machine oil; ultra
violet light; paraffins ; x-rays and sunlight. Occupational
cancers can be avoided, if certain preventive measures are
followed. Many times a noncarcinogenic substance, or
protec-
tive clothing can be worn. If skin cancers are recognized at
an early enough stage, they can be easily removed.
If protective gloves are worn>care must be given to
their usage. Gloves with cotton linings should be chosen to
insure that the hands don't sweat too much. The gloves should
be checked for holes before every usage. A simple method for
doing this is to fill them full of air and check for leaks.
Gloves with holes in them are worse than no gloves at all, for
hazardous materials enter though the holes and are held in close












is used for the description of various chemicals and toxins.
The terms in the following sources were compiled into one set
of descriptive phrases:
E. R Plunkett, Handbook of Industrial Toxicology (New York:
Chemical Publishing Company, Inc. 1966)
Susan M. Daum, and Jeanne M. Stellman, Work is Dangerous to
Your Health (New York: Random House, Inc. 1971; Vintage
Books, 1973) pp. 242-283
Kenneth P. DuBois
,
and E. M. K. Geiling, Textbook of Toxicology
(New York: Oxford University Press, 1959) pp. 124-157
Irving P Sax, et al, Dangerous Properties of Industrial
Materials
,






m.p. 1769C; 3224. 3F
b.p. 3827 100C; 6920.6180F
threshold limits (soluble salts) 0.002
mg/m3
A silver -white metal, tenacious, malleable, ductile and softer
than silver, with a coefficient of linear expansion similar to
that of glass.
Metallic platinum has not been reported to be toxic.
Some of the compounds and salts have been found to cause an
allergic response of the respiratory system. The
hazards, arise
from the dust, droplets, spray or mist of the complex salts of














Signs and Symptoms :
Conjunctivitis ("Pink-eye"), urticaria (Welts and
reddening of the skin), chronic dermatitis (inflam
mation of the skin)
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"Platinosis"
- pronounced irritation of the throat
and nasal passages, causing violent sneezing and
coughing. Bronchial irritation, irritation of
the skin causing cracking and bleeding and pain,
running of the nose (platinum rhinorrhea), sneez
ing, tightness of the chest, shortness of breath,
cyanosis (blueness of the skin and mucous mem
branes due to inadequate oxygenation of the cir
culating blood), wheezing.
Chronic: after many allergic episodes, X-rays
may show a mild degree of lung scarring and em
physema (a puffed condition caused by air in
the organs or tissues of the body). The skin
may show signs of itching, hives or peeling.
Disability :
It is unlikely that a person who has shown sen-:
sitivity will ever again be able to do work which
exposes him to the hazard of inhalation of the
complex salts again.
To prevent effectively the hazards of platinum salts
and compounds^ the dusts must not be allowed to enter the atmos
phere of the individual working with them. There must be ade
quate ventilation established. A mechanical filter-respirator
is suggested only as a last resort. Good ventilation is far
safer. Approved barrier creams or gloves may help to protect
the skin, but they should be used under supervision. The
clothing and body of the user should be cleaned carefully
after exposure. Anyone who has become sensitized should avoid
exposure to platinum dusts.
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b.p. 2966C; 5170. 8F
A soft, ductile, malleable yellowish-red metal
In the metallic state, gold's toxicity level is
neg-
ligible, However, the gold salts and compounds and the methods
cf gold extraction can be quite hazardous.
Some Gold Compounds










Symptoms : Salts of gold have been used therapeutically and
not without toxic reactions.
Allergic manifestions : urticaria (welts and red
dening of the skin), itching, purpura (purple
spots on the skin caused by extravasated blood),
and other rashes
Damage to the blood-forming organs resulting in
aplastic anemia (a growth deficiency in the
hemoglobin of the red blood cells in the blood),
liver
,






m.p. 960. 8C; 1760. 9F
b.p. 2212C; 4013. 6F
Threshold limit: (silver metal and soluble compounds) 0.01 mg/rrr
A white metal which is more malleable and ductile than any other
except gold. It is an excellent conductor of heat and electric
ity and is not attacked by water of atmospheric oxygen.
The hazards of silver can range from slight disfigure
ment to acute toxicity. Silver and its compounds can
be-"
ab
sorbed into the skin, causing local pigmentation, or absorbed
into the circulatory system, at which point the deposits of re
duced silver, absorbed by various tissues, may result in the
production of greyish pigmentation of the skin--a condition re
ferred to as argyria. The Encyclopedia of Occupational Health
and Safety divides those who might be affected by argyria into
two groups :
(a) . . .men who handle a compound of silver,
either the nitrate, fulminate or cyanide, which
broadly speaking give rise to generalized
argyria from inhalation and ingestion of the
silver salt concerned;
(b ) , , ,workmen who handle metalrc silver,
small particles of which accident ly penetrate
the exposed skin, giving rise to local argyria
by a process equivalent to tatooing.
The processes of filing, drilling, hammering, turning,
engraving, polishing, forging, soldering, drawing wire and
smelting of silver may create the opportunity for small slivers
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of silver to penetrate the skin. These penetrations may result
in small pigmented lesions which are permanently disfiguring.
Such tools used in silver metalworking as engraving tools,
files, saw blades, chisels and drills are sharp and can pene




Colorless, odorless, transparent crystals
Silver oxide (Ag20)
A brownish-black, heavy odorless powder
Silver picrate (O2N)3C6H2OAg.H20)
Yellow powder or crystals
Silver Nitrate
Powerful oxidizing agent, fire hazard, strongly
caustic, dangerous to the eyes: causing burns, .
conjunctivitis ("Pink-eye"), argyria, and blind
ness
Silver and compounds :
(AKA: argentum, silver chloride, silver
cyanide, silver nitrate, silver oxides)
Absorption: Inhalation, Ingestion
Pathology : Metal itself is unreactive. Silver precipitates
in epithelial layers of skin (membranous tissue
serving to line the canals, cavities and ducts of
the body and the free surfaces exposed to air)
and in elastic tissue and is then reduced by the
action of light or hydrogen sulfide, resulting
in argyria (bluish spots)
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Symptoms : Argyrosis cornea (bluish discoloration of the
transparent membrane forming the outer coat of
the eyeball) and argyrolentis (a condition of
the lens of the eye characterized by a golden
sheen to the anterior lens capsule) have been
de-
scribed as generalized argyria ("blue men"):
Dark slate gray color of uniform distribution
over the face, forehead, neck, hands and fore
arms; fingernails may be a deep chocolate brown
'
color; slight discoloration may be seen in the
covered parts of the skin.
Localized argyria occurs where the individual
works with small metallic particles that pene




gastroenteritis (inflammation of the stomach
and intestines) and shock.
Disability: Damage to eyes from silver nitrate can be
permanent. Argyria is not disabling except through
disfigurement.
Preventative
measures : Adequate ventilation, mechanical filter res






b.p. 2595C; 4703. 0F
threshold limit :
fumes 0. 1 mg/m3
dust 1. 0 mg/m3
A reddish-brown metal which makes a brilliant polish; it is
malleable, ductile; it conducts heat and electricity exceed
ingly well and is altered very little by them.
According to the Encyclopedia of Occupational Health
and Safety, "copper is remarkably
non-toxic."
Some of its salts
however, such as copper sulfate can be poisonous through. inges
tion. Copper sulfate if ingested can cause nausea, vomiting,
diarrhea, sweating, and even convulsions, coma and death.
Gastrointestinal irrigation can result from drinking carbonated
beverages or citrus fruit juices which have been in contact
with copper vessels, pipes, tubing or valves.
Beverages*
such
as these are acidic enough to dissolve irritant quantities of
copper. The inhalation of dusts of copper can cause congestion
of the nasal passages and mucous membranes and ulceration with
perforation of the nasal septum. Fumes from heating metabolic
copper can result in nausea, gastric pain and diarrhea.
Copper alloys :
Copper and zinc- -brass
Copper and tin- -bronze
Copper and nickel- -monel metal
Also alloyed with: aluminum, gold, lead, cadmium,
chromium, beryllium, silicon or phosphorus
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Copper and compounds :
Copper : (AKA copper acetate, verdigris)
Chemical element: reddish lustrous metal; compounds
mostly blue
Absorption: Inhalation, ingestion
Pathology :. Irritant, pigment cirrhosis (coloration of the
liver )
Symptoms : Irritation of nose and upper respiratory tract
Metal fume fever
Dermatitis (inflammation of the sjcin)
Ingestion may produce: nausea, vomiting and
diarrhea, gastrointestinal hemorrhage,
nephritis (inflammation of the kidney)
Disability: No permanent effects reported
Preventative
Measures : Adequate ventilation
Mechanical filter respirator, if necessary
Copper chloride and sulfate have been reported as caus
ing irritation of the skin and conjunctivae ("Pink-eye"), which
may be an allergic reaction. Cuprous oxide is irritating to
the eyes and upper respiratory tract.
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TIN, ALLOYS AND COMPOUNDS
Tin (Sn)
sp.gr. 5.75
m.p. 231. 9C; 449. 4F
b.p. 2270C; 4118. 0F
A soft metallic element with a silvery white color, pliable and
easily shaped at room temperatures, mixes readily with other
metals to form alloys; outstanding characteristics are the re
sistance to acids and atmospheric influences.
Tin ingested in small quantities is non-toxic; there
fore, it has been used extensively throughout the food canning
industry in tin plating cans that hold food. Ingestion of
large quantities of powdered tin may cause vomiting but hot
permanent injury. If tin or its inorganic salts are ingested,
there seems to be little absorption from the alimentary tract.
The inhalation of tin oxide dust without silica dust
leads to benign nodular pneumoconiosis (a chronic fibrous re
action in the lungs to the inhalation of dust) without pulmon
ary disability. This benign pneumoconiosis is referred to as
stannosis.
Tin oxides : (AKA : stannic oxide, flowers of tin, tin anhydride,
stannous oxide, tin protoxide)
White crystals (-ic); unstable powder (-ous)
Absorption : Inhalat ion
Pathology: Alveolar (pertaining to the air sacs of the lungs),
perivascular (situated around a vessel) and peri
bronchial (situated around either of the main
branches of the windpipe), pigmentation without








There might be a slight cough or dyspnea (lab
ored breathing)
No permanent effects reported
Pulmonary function is normal
Hazards of a particular alloy can be checked
through its individual metals :
(Substituted for the old alloy of pewter because
of its lack of lead.) Britania is more silvery,







Tin gives it its sheen, resistance to corrosion, ductility and
prevents excessive oxidation in casting.
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ZINC, ALLOYS AND COMPOUNDS
Zinc (Zn)
sp. gr. 7.14
m.p. 419. 4C; 787. 0F
b.p. 907C; 1664. 6F
Soft, silvery-white metal with a blue tinge.
Soluble in strong acids or alkalis.
Relatively poor conductor of heat and electricity.
Not very ductile or malleable at room temperatures.
Zinc is not by nature a toxic element. If heated,
how-
ever, zinc evolves a fume of zinc oxide. Inhalation of fresh




fever" (foetal fume fever"). There are zinc salts that
may enter the body percutaneous ly or via ingestion that can
cause intoxication. Zinc chloride has been cited to cause
skin ulcers, and a number of zinc compounds can present fire
or explosion hazards.
Zinc metallurgy, manufacturing, welding or cutting of
zinc-coated metal and casting of brass or bronze can bring on
the symptoms of metal fume fever. These symptoms include
shivering attacks, irregular fever, profuse sweating, nausea,
thirst, headache, pains in the limbs and a feeling of exhaus
tion. There is usually complete recovery within twenty-four
hours. (A more complete discussion of metal fume fever is found
under the chapter on welding. )
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Zinc oxide : (AKA: Chinese white, flowers of zinc, zincite,
zinc white)
White or yellowish amorphous powder
Threshold limit: 5 mg/m3 of air as zinc oxide fume
Absorption: Inhalation
Pathology Not established but may be:
Release from leukocytes (white blood cells) of
an indigenous pyrogen (a fever producing sub
stance originating within the body); or release
of a histamine -like (dilator of the capillaries
and a stimulator of gastric secretion) substance
from the alveolus (air sacs of the lungs) or
formation of a metal proteinate
Symptoms : "Metal fume fever "--interval between exposure
and onset of symptoms averages 4-6 hours..
Irritation of upper respirator tract: hacking
cough, moderate substernal pain, headache, nausea
and vomiting, malaise (a vague feeling of bodily
discomfort), metallic taste in mouth.
Profound chilling (usually lasts 1-3 hours),
sweating and fever, pains in muscles and joints,
marked thirst, occasionally bronchitis or pneu
monia, cyanosis (blueness of the skin and mucous
membranes due to inadequate oxygenation of 'the
circulating blood)
Disability: Usually one or two days
Preventative
Measures : Adequate ventilation, mechanical respirator
Limit exposure of person if possible
Preclude those individuals from exposure with
pulmonary and cardiac diseases.
Many of the other zinc salts and compounds have very
serious hazards connected with them. If zinc chloride, zinc
cyanide and other zinc formations are to be used, it is sug
gested that they be checked for their hazardous effects in one





m.p. 1453C; 2651. 0F
b.p. 2732C; 4949. 6F
Threshold limit: (metal and soluble compounds) 1
mg/m3
(nickel oxide, nickel sulphide dust) 0.5
mg/m3
(nickel salts and aerosals (as Ni) 0.005 mg/m3
A silvery-white, hard, malleable and ductile , ferromagnetic
metallic element, capable of a high lustre and resistant to
corrosion in many acids, salts and alkalies, in fresh and salt
waters and in wet and dry gases.
Nickel can have quite hazardous effects on the -body.
The degree of response is dependent on a number of factors :
the nature of the nickel compound, its molecular state and re
activity and resistance of the host.
Solutions of colloidal (a state of matter in which finely
divided particles of one substance are suspended in another)
nickel or nickel salts are highly toxic when given intravenously
or subcutaneous ly (beneath the skin). Low dosages of nickel
or nickel salts have a relatively low toxic level when ingested.
The most frequent result of exposure to nickel and
nickel compounds is nickel dermatitis (inflammation of the
skin) and skin sensitivity. Five percent of all eczema (an
inflammatory skin disease) cases are related to exposure to
nickel compounds. The dermatitis results from the direct con
tact of the skin with objects made of nickel: jewelry, buckles,
watches, pins, hair clips, coins, etc.
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Some of the essential factors necessary for nickel
dermatitis seem to be sweating, pressure and friction. A
strange, unexplained characteristic of this dermatitis is its
ability to spread to distant areas that have not had direct
contact with the metal of its compounds.
Some of the other effects nickel may have on the body
after exposure are pulmonary eosinophilia (the formation and
*
accumulation of an unusual number of blood cells readily
stained by eosin--a type of plasma stain), acute and subacute
pneumonitis (a condition of localized acute
inflammation*
of
the lung) with adrenal cortical (exterior membrane of the adren
alin gland) insufficiency and even pulmonary cancer.
Absorption: Inhalation. Percutaneous (through unbroken skin)
Pathology: Irritant, Sensitizer, Carcinogen (any cancer-
producing substance), Respiratory tract, Pul
monary fibrosis (the formation of fibrous tissue
in the lungs )
Symptoms : Gingivitis (inflammation of the gums), stomatitis
(inflammation of the mouth) and metallic taste
(Metal fume fever) (see zinc oxide or chapter on
we ld ing )
"Nickel itch"--pink papular erythema (pimpled
reddened skin) of webs of fingers which may spread
to other parts of the body; pustulation (forma
tion of small elevations of the outer layer of
the skin filled with pus) and ulceration may occur
Dermatitis (inflammation of the skin) and eczema
(an inf lammatary skin disease) via sensitization
Anosmia (absense of the sense of smell)
Carcinoma (malignent new growth whose cells tend
to infiltrate the surrounding tissues) of nasal




usually clears in one week
Sensitization is permanent
Preventative
measures : Adequate ventilation, prompt attention to all
cutaneous (pertaining to the skin) wounds,
mechanical filter respirator
Physical examinations of exposed personnel amually,
with special attention to nasal sinuses and in
cluding chest X-rays
Remove from further exposure those individuals
with diseases of the skin, sinuses and lungs
Hazards of particular alloys can be checked through
their individual metals :
Nickel silver : (AKA : German silver)




Resists oxidation at high temperatures, resists corrosion
A white metal which can be brought to a high lustre
Monel metal : nickel 67%
copper 307o
small percentages of iron, manganese, carbon
silicon, and sulphur
m.p. 2370-2460F
Can be polished to a soft, lustrous, yellowish grey color.
Nichrome wire : nickel 807o
chromium 207o
m.p. 2550F
High oxidation resistance to 2200F, high resistance to elec
tricity, retains strenth at high temperatures
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ALUMINUM, ALLOYS AND COMPOUNDS
Aluminum (Al)
sp. gr. 2.70
m.p. 660. 2QC; 1220. 4F
b.p. 2467QC; 4472. 6of
Threshold limits 50 million particles per cubic foot of air
Silver -white
, ductile, low density metal and a good conductor
of heat and electricity; the exposed surface of the metal forms
a protective oxide which is extemely resistant to corrosion.
Aluminum is not usually regarded as an industrial
poison. There have been reported cases of pulmonary fibrosis
(the formation of fibrous tissue in the lungs) after the -in
halation of finely divided aluminum dusts. Most aluminum com
pounds have little or no toxicity. There are exceptions to
this rule in which there are toxic hazards due to the radical
(a group of atoms that acts as a unit in a compound and may pass
unchanged through a series of reactions) which is joined to the
aluminum atom. This would be the case for aluminum arsenide of
aluminum silicof luoride.






m.p. 630OC; 1166. 9F
b.p. 1380C; 2516. 0F
Threshold limit: 0.5 mg/m3
A silver-white metal widely used in alloys to which it imparts
increased hardness, mechanical strength, corrosion resistance
and a low coefficient of friction
Antimony is a highly toxic metal. It closely resem
bles arsenic, and is often found with arsenic. It has been
shown that high purity antimony, completely independent of
arsenic, has its own individual toxic properties. The 'average
lethal dose is between 10 and 11.2 mg/lOOg. Antimony is some
times used in solder, neillo and in ornamental The
most noted antimony alloys are babbitt, pewter, white metal,
Britania metal and bearing metal. Antimony when heated or on
contact with acids emits toxic fumes.
Antimony : Inhalation, Ingestion
Pathology : Local irritant, damage to liver, pneumoconiosis
(a chronic fibrous reaction in the lungs to the
inhalation of dust) has been reported
Symptoms : Acute poisoning:
Violent irritation of the mouth, nose, stomach
and intestines, vomiting and bloody stools, slow
shallow respiration, coma sometimes followed by
death due to exhaustion.
Chronic poisoning:
Dryness of throat, nausea, headaches, sleepless
ness, loss of appetite, dizziness
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Metallic taste, stomatitis (inflammation of the
mouth) , gastrointestinal upset, various nervous
complaints; such as irritability, fatigue
Muscular and neuralgic pains
Women seem to be more susceptible to the effects
of antimony than men
Dermatitis (inflammation of the skin), conjuncti
vitis ("Pink-eye"), burns, vertigo, enzematous
. (inflammation) eruption of the skin, inflammation
of the mucous membranes of the nose and throat
Rhinitis (inflammation of the mucous membranes of
the nose), pharyngitis (inflammation of the throat)
laryngitis (inflammation of the housing of the
vocal chords), tracheitis (inflammation of the
windpipe), pneumonitis (localized acute inflamma
tion of the lung)
Preventative
measures : Wet gloves for processing, chemical goggles, rubber
gloves and boots, physical examinations of 'exposed





m.p. 725C; 1337. 0F
b.p. 1140C; 2084. OOF
Threshold limits: (water soluble compounds) 0.5
mg/m3
A silver-white metal, somewhat malleable, which may ignite
spontaneously in air in the presence of moisture, evolving
hydrogen.
Barium metal by itself has quite limited usage and
presents little hazard. The soluble compounds of barium
(chloride, nitrate, hydroxide) are highly toxic. The. insol
uble compound of barium sulphate (the basis for most of ;the
other barium compounds) when inhaled may result in pneumocon
iosis (chronic fibrous reaction in the lungs to the inhalation
of dust). The compounds that include sulphide, oxide, and
carbonate may cause local irritation to the eyes, nose, throat
and skin.
Absorption: Inhalation, Ingestion
Pathology: Soluble barium salts are irritants
Insoluble barium produces a pneumoconiosis with
principal deposition occurring in lymph follicles
about bronchioles (one of the finer subdivisions
of the bronchial tree)
Sensitizer
Symptoms : (Soluble barium salts)
Irritation of eyes and respiratory tract, derma
titis (inflammation of the skin), loss of hair,
dizziness, chills, vomiting, colic (acute
abdominal pain), diarrhea, rapid respiration,
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hypertension (abnormally high tension, especi
ally high blood pressure), and irregular heart
action, cyanosis (blueness of the skin and
mucous membranes due to inadequate oxygenation
of the circulating blood), muscular weakness
and tremors, lumbar (loins) pain, convulsions
and paralysis.
Disability: Barium pneumoconiosis (baritosis) produces
no respiratory incapacity.
Preventative
measures : Adequate ventilation, chemical goggles, mechan
ical filter respirator, rubber gloves and aprons,
Preclude from exposure to insoluble barium those
individuals with pulmonary diseases.
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IRON, ALLOYS AND COMPOUNDS
Iron (Fe)
sp. gr. 7.86
m.p. 1535C; 2802. 0F
b.p. 3000C; 5432. 0F
Threshold limit: (iron oxide fumes)
10mg/m3
A malleable, rough, silver-grey magnetic metal; lustrous, duc
tile,
iron'
is second in abundance amongst the metals and is
fourth amongst the elements, surpassed only by oxygen, silicon
and aluminum.
Exposure to iron dusts and fumes occurs during the
processes of welding, cutting, metalizing and processing^ as
well as in mining. Iron salts (ferric chloride) can cause
skin allergies and may irritate the respiratory tract If in
haled. The fumes of iron oxide can cause "metal fume
fever."




Pathology: Siderosis (chronic fibrous reaction in the lungs
to the inhalation of iron or its oxide) of
tissues with lymphatic (pertaining to lymph--a
slightly yellow liquid of alkaline reaction)
infiltration but no fibrosis (formation of
fibrous tissue)
Symptoms : Iron dust can cause: conjunctivitis ("Pink-eye"),
choroiditis (inflammation of the vascular coat
of the eye), retinitis (inflammation of the
retina) and siderosis of the tissue if iron re
mains in these tissues.
Iron ore dust can cause: palpebral conjunctiv
itis (inflammation of the mucous membranes of
the eyelid) through to take 6-10 years to evolve
and then only if exposure is severe.
Iron oxide fumes can cause chronic bronchitis;
fresh iron oxide fumes can cause "metal fume
fever.
"
After 5-10 years exposure X-rays may reveal






Disability: No permanent effects reported.
Preventative
measures : Adequate ventilation, mechanical filter respir
ator
Physical examinations of exposed personnel
anually including chest- X-ray







. 1244C; 2300. 0F
b.p. 2097C; 3806. 6F
Threshold limit : 5 mg/m
(as Mg02) 0.3 mg/m
A greyish metal or silvery, brittle; compounds come in many
colors; improves the hot-working properties of steel when a
part of the alloy.
The use of manganese-coated welding rtids can release
manganese fumes and may cause "metal 'fume
fever"
(see zinc oxide
or welding chapter). Manganese in a fume form can bring; about
chronic manganese poisoning. Exposure of as little as three
months can bring about this disease, but the more normal time
span is over a period of three years. The area affected most
by this disease is the nervous system. If exposure ceases at
the first signs of this disease, the disabilities will Be com
paratively minor. If the condition is already well established }
permanent disability is usually the result.
Manganese finds entry into the body via three routes :
inhalation (lungs), ingestion (the digestive system), percutan
eous (the skin). The pulmonary route is the most common and
similarly is the most dangerous. Manganese that is absorbed
accumulates in the blood until a concentration is reached;
further absorption will result in deposition in the major organs.
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Manganism is a severely crippling and permanetly disab
ling disease of the nervous system. It is an occupational haz
ard primarily affecting miners exposed to pyrolusite ore, but
it has also been connected to the individuals involved in arc-
cutting of manganese steel. This will occur especially in
poorly ventilated areas. The earliest symptoms are vague:
headache, lack of appetite, apathy, and weight loss. Later
symptoms may be: uncontrollable laughter, euphoria, impulsive
ness, inability to sleep followed by overpowering sleepiness,
sexual excitement followed by impotence, leg cramps, and changes
in speech patterns. In the final stage, the face is rigid and
masklike, the speech is thickened and infrequent, and walking
and the use of the hands and arms are hampered or prevented
entirely by extreme muscle rigidity. There are no sensory dis
turbances, and no eye, gastrointestinal or genitourinary com
plaints. The sufferer's handwriting may become quite minute.
Manganese and




Gliosis (a condition associated with the pres
ence of a tumor in the nervous tissue) and degen
erative changes in the extrapyramidal (outside
the pyramidal tracts) motor system
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Signs and
symptoms : Papuloerythematous dermatitis (pimpled,
reddened skin), "metal fume
fever"
Bronchitis and pneumonitis (inflammation of the
windpipe and lungs)
Central nervous system: usually after 1-2
years
exposure
Stage I: Asthenia (lack or loss of strength or energy)
and apathy, nervousness, headache, hyper
ihid-
rosis (excessive sweating), lacrimation
(secretion of tears), sialorrhea (salivation),
pains in the lower extremities, impotence
Stage II: Slow monotonous speech with stammering, mask
like facial expression, muscular incoordina
tion, intention tremor- of hands, emotional
disturbances




Stage III: Muscular hypertonia (excessive tension of
activity), increased deep tendon reflexes,
paralysis of lower extremities
Spastic incoordination of gait with propulsion
and retropulsion
Disability: Extrapyramidal changes are likely to become
permanent or even progressive
Preventative
measures : Adequate ventilation, wet methods where pos
sible, mechanical filter respirator
Daily bathing at end of work shift
Physical examination of exposed personnel
every six months, with particular attention
to neurologic changes
Preclude from exposure those individuals
with neurologic and psychological disorders
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CADMIUM ALLOYS AND COMPOUNDS
Cadmium (Cd )
mp.gr. 8.64




Threshold limit: (metal dust and soluble salts) 0.1
mg/m3
Chemical element: silvery-white, bluish, lustrous metal;
almost all salts are poisonous
Cadmium does not occur uncombined in nature, greenlockife
(aka cadmium sulphide) is the only known cadmium mineral
Usually cadmium is obtained as a by-product of zinc, copper
and lead ores
The fumes of cadmium dusts and salts are very toxic.
Exposure to cadmium is encountered primarily in
smelting,- and
refining zinc, lead and copper ores. There is, however chance
of exposure to cadmium in pigments
,
in some silver solders and
in welding electrodes.
Cadmium: (aka cadmium oxide)
Occupational
exposure : Alkaline storage batteries, welding cadmium alloys,
cadmium vapor lamps, silver soldering, glass
coloring, metallizing, electroplating nuclear
reactors, photometry, ceramics, plating engrav
ing, alloys, dyes.
Absorption: Inhalation; ingestion via acidified food and
drinks, cadmium plated containers.
Pathology: Pulmonary edema (abnormally large amounts df
fluid in the air sacs of the lung) within 24
hours
Epithelial hyperplasia (abnormal increase in the
number of normal cells in normal arrangement in
the covering of the skin and mucous membranes)
of alveoli (air sacs of the lungs) beginning on
the third day
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Permanent perivascular (situated around a vessel)
and peribronchial (situated around either of the
two main branches of the windpipe) fibrosis (the
formation of fibrous tissue) with emphysema (a
puffed condition caused by air in the organs or
tissues of the body)
Ulcerative gastroenteritis (inflammation of the
stomach and intestines)
Cloudy swelling of the liver
Damage to renal tubules (small tubes connected
to the kidneys) and bone marrow
S igns and
symptoms : Inhalation: acute--latent period of 12-36 -hours;
headache, dizziness, irritability, gastroin
testinal disturbances, severe chest pain and
constriction, cough with hemoptysis (spitting
of blood), shortness of breath, fever, profuse
sweating, prostration, pneumonitis (localised
acute inflammation of the lung), pulmonary edema
Chronic-
-rhinopharyngitis (inflammation of the
throat above the level of the soft palate), sore
ness, bleeding, mucosal ulcerations and atrophy
(stoppage of growth, whithering), anosmia (ab
sence of the sense of smell), sleeplessness,
anorexia proteinuria (presence of protein in
the urine), damage to the liver, anemia (general
or local deficiency in the amount of hemoglobin
and characterized by pallor and loss of energy)
Yellow cadmium fringe on teeth
Pulmonary emphysema and fibrosis
Ingestion: Symptoms usually occur in 15-30 minutes;
salivation, nausea, vomiting, abdominal pain,
diarrhea, dizziness, unconsciousness
Disability Gastroenteritis usually shows prompt recovery
Deaths have occurred from acute pulmonary effects




measures : Adequate ventilation, mechanical filter respir
ator
Physical examination of exposed personnel
annually, including vital capacity, chest
X-ray, urinalysis
Preclude from exposure the individuals with





m.p. . -38.9C; -3767F
b.p. 356. 6C; 673.88F
Threshold limit: 0. 1 mg/m3
A silvery-white, heavy, mobile metal which is liquid at ordin
ary temperature and pressure; chemical element, compounds are
of many colors; (all compounds of mercury are poisonous)
One of the oldest metals known to man, mercury was recog
nized even by the ancient Romans as a poison. It is the., only
metal that is a liquid at room temperature. When left open to
the atmosphere, mercury will vaporize at temperatures even as
low as 10 degrees Fahrenheit. This means that anywhere there
is mercury, the odorless vapor is present.
Mercury is present everywhere. There are trace amounts
of it in food, water and air. People can be exposed to it
through their dental and medical treatment. The National Insti
tute for Occupational Safety and Health (NIOSH) estimates that
some 150,000 people are exposed to mercury at work. There are
at least 56 different types of occupations that risk exposure
to mercury. Because people are exposed to mercury through
daily existence, exposure to it at work greatly increases the
burden on the body.
Spilled mercury breaks up into tiny beads that lodge in
cracks, mix with dust and can penetrate most porous materials
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such as wood, tile, firebrick and clothing, making it easy for
the worker to take the hazard home with him.
Mercury poisoning as an occupational hazard was so com
mon that one of Lewis Carrol's characters was suffering from
it. The "^Mad Hatter" in Alice in Wonderland was a victim of a
very common occupational ailment of the nineteenth century. In
the hat industry the fur for felt hats was produced using mer
cury and nitric acid. The workers went mad as a result of the






(aka mercuric sulfide (cinnabar), mercuric
chor-
ide (corrosive sublimate), quicksilver, ver
milion)
Inhalation, ingestion, percutaneous (through
the skin)
Stored in kidneys resulting in kidney damage
Nervous system disorders
Cloudy swelling of the liver
Inhibition of cellular enzymes (organic com
pounds capable of accelerating a change in the
cells) via combination with sulfhydryl groups
Erosive bronchitis (inflammation of the wind
pipe) and pneumonitis (localizing acute in
flammation of the lung)
Death of tissue in gastrointestinal mucosa
.
(the mucous membranes of the stomach and in
testines )




Acute : Ingestion: Burning in the mouth and throat,
thirst, shock, rhythm changes of the heart,
nausea, vomiting, abdominal pain, bloody
diarrhea, oliguria (reduced daily output of
urine), bloody urine, albuminuria (albumin in
the urine), casts
Inhalation: Inflammation of the mouth, saliv
ation, metallic taste, abdominal cramps and
diarrhea, labored breathing (dyspnea), cough,
fever, restlessness, bronchitis (inflammation
of the windpipe) and pneumonitis (acute local
inflammation of the lung)
Chronic: Central nervous system: Headache, vertigo, vaso
motor (presiding over the expansion and contrac
tion of the blood vessels) disturbances, rest
lessness and irritability, temper outburst ex
citability, shyness, indecision, insomnia;
peripheral inflammation of nerves, loss or
failure of muscle coordination, increase of
deep-tendon reflexes, tremors: static, intention,
gross
Genitourinary: Protein in urine, bloody urine,
anuris (total suppression of urinary secretion
by the kidney)
Gastrointestinal: Increased salivation, inflamma
tion of the mouth, ginjivitis (inflammation of
the gums) with blue line, loss of appetite,




Inflammation of the mucous membrane
loss of sense of smell, cough, fever
Eye: Mercurialentis (deposits of mercury on anter
ior and posterior surfaces of the lens). Con
striction of visual fields, color blindness
Skin: Vesicular lesions (harmful and abnormal
blisters) and pimpled skin with abnormal redness
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The more severe the intoxication the greater the
likelihood of permanent impairment
Preventative Adequate ventilation
measures : Housekeeping must be meticulous: all spills must
be cleaned up thoroughly and quickly
No eating or smoking in work area
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LEAD, ALLOYS AND COMPOUNDS
Lead (Pb)
sp. gr. 11.3
m.p. 327C; 621. 3F
b.p. 1525C; 2777. 0F
Threshold limit: 0.2 mg/m3 of air
A blue-grey metal which tarnishes in moist air: it is very soft
and malleable, and is easily cast, moulded and extruded_
People are exposed to lead both in industry and in rou
tine daily activities. The uses of lead can be broken down
into the following percentages: 407, of lead used is a. pure metal,
257. in alloys, and 357, in chemical compounds. Exposure -may
come from mining, smelting, milling, pigments, varnishes, cast
ings, pottery industry, glass industry, insecticides, batteries,
metallizing, solders, alloys, textile makers, plastic works,
rubber production and the exhaust of cars (anti-knock additive).
Toxic problems arise from inorganic lead in the inhala
tion of fine metallic lead dust or fumes during grinding pro
cesses, or from ingestion of paints containing lead. Organic
lead (tetraethyl) is encountered in the exposure to fumes from
the exhaust of cars. It is the anti-knock ingredient in gaso
line and can be absorbed percutaneous ly (through the skin) in
addition to being inhaled.
The symptoms of lead poisoning are quite varied and few
are typical. It is possible that lead poisoning may have been
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the first industrial health hazard recognized. The ancient
Greeks and Romans made references to its symptoms. Due to
this long-time concern, many of the symptoms of acute lead
poisoning have been eliminated through cautious safety meas
ures. Of concern now is the elimination of chronic effects
resulting from long periods of constant exposure.
Lead : (aka: Plumbum)
Absorption: Inhalation, Ingestion, Percutaneous ly
Interference with intracellular enzyme (organic
compound capable of accelerating a change within
the cells) system
Acute stress such as injury, severe illness ,.; diet
ary indiscretions, and emotional upsets may pre
cipitate symptoms of lead intoxication in persons
whose metabolism of lead is in delicate balance




Gastrointestinal: Metallic taste, increased sali
vation, Burton's lead line on gums, pyorrhea (a
discharge of pus), anorexia (loss of appetite),
nausea, vomiting, constipation, abdominal colic
(acute abdominal pain) and tenderness
Genitourinary: Nocturia (excessive urination at
nigh t), albuminuria (albumin in the urine), and
hematuria (blood in the urine), increased
biliru-
binuria (presence of a red bile pigment in urine)
Neuromuscular: Numbness and tingling of extremi
ties with associated sensory disturbances
Extensor weakness of wrists and ankles; brachial
palsy (paralysis of the arm) has also been de
scribed
Loss of muscle tone, tremor, increased
deep-
tendon reflexes, muscular cramps and aching,
arthralgia (pain in a joint), muscular atrophy
(stoppage of growth, withering)
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Central nervous system: Visual disturbances, head
ache, dizziness, nervousness or depression, insom
nia, mental confusion and delirium
Retinal hemorrhages (bleeding of the retina) and
optic neuritis (inflammation of the optic nerve),
grey stippling of lead pigment about the optic
disc has been reported
Hematopoietic (pertaining to the formation of
'
blood cells): Erythrocyte (red blood cell) stippl
ing
Hypochromic normocytic anemia (abnormal decrease
in the hemoglobin content of normal red blood cells)
Disability: Lead palsy and encephalopathy (any degenerative
disease of the brain) may be disabling
Preventative
measures : Adequate ventilation, regular bathing, two or more
changes of work clothes per week, clean mechanical
filter respirator
Strict control of atmospheric concentration in work
area
Wet methods of dust control where possible
No smoking or eating in work area
Education of exposed employees in personal hygiene
Determinations of lead level in blood and urine
of exposed personnel at 1 to 3 month intervals
Preclude from further exposure those individuals whose
levels for lead in blood and urine are above accept
able levels
Some additional symptoms that Dr. Jeanne M. Stellman lists
in her book, Work is Dangerous to Your Health:
"Children who eat leaded paints show many of the
same signs and symptoms. The damage to their brains
can be so great that they become permanently re
tarded .... One problem with lead is that the body
stores it for extremely long periods. People who
have not been exposed for years will still excrete
lead from their bodies. .. .Workers are exposed to
lead in their daily non-work lives, as well, and
this will have a cumulative effect. "1
Ijeanne M. Stellman, Susan M. Daum, Work is Dangerous to
Your Health (New York, New York: Vintage Books, 1973) p. 252
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BERYLLIUM, ALLOYS AND COMPOUNDS
Berry Ilium (Be)
mp.gr. 1 . 85
m.p. 12785C; 2332.4 9F
b p. 2970C; 5178. 0F
Threshold limit: 0.002 mg/m
A chemical element, greyish-white metal,
notable for its light
ness and. high tensile strength.
Beryllium is used with various metals to form a harder
alloy. Some of these metals are steel, nickel, magnesium,
zinc
and aluminum; the most widely used alloy is
beryllium copper
,
which is high in tensile strength and has the capacity for be
ing hardened by heat treatment .
Irving Sax's book, Dangerous Properties of Industrial
Materials
,
says of beryllium copper :
"Cases of berylliosis have been reported from
exposure to so called low beryllium alloys.
Even alloys of low beryllium content have been
shown to be
dangerous."
Beryllium is used in one form or another on a wide range
of products, from nuclear reactors to bicycle spokes.
The
scope of health hazards associated with it is almost as broad.
Beryllium can cause symptoms that range from skin eruptions to
a variety of chronic diseases
that are treatable but not
cure-
able. There is now some indication that contact with beryllium
may increase the risk of developing some
cancers.
2Irving Sax, Dangerous Properties of Industrial Materials





is the term given to the
disease that results from exposure to the highly toxic beryl
lium and its compounds. This nomenclature is misleading and
somewhat incorrect. It implies the toxic effects come from
the mineral beryl, but that has not been established as a
causative agent. It also suggests that the disease is a pneu
moconiosis (a chronic fibrous reaction in the lungs to 'the
inhalation of dust) which by definition means that berryllium's
toxic effects are confined to just the lungs, but this is not
the case. Beryllium's toxic effects are felt body-wide rather
than just in the lungs.




Beryllium and compounds :
Absorption: Inhalation, Ingestion, Percutaneous (through the
skin)
Pathology : Sensitizer, pneumonitis (localized acute inflam
mation of the lung) and pulmonary fibrosis (the
formation of fibrous tissue in the lung)
Berylliosis (formation of tumors made up of gran
ulation tissue in the lungs, liver or skin),
granomatous (little lumps); changes in the skin,
lungs, liver, spleen, kidneys, lymph nodes,
'
myocardium (the heart muscle) and possibly the
central nervous system
Signs and
symptoms : Conjunctivitis ("Pink-eye") and corneal ulcera
tions
Dermatologic manifestations usually occur after
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one exposure
Primary irritation occurs on exposed parts of
body as first and second decree burns
Allergic eczematous (inflammatory skin disease)
occurs on exposed parts of body and genitocrural
(pertaining to the reproductive organs and the
leg) region aad lower extremities consisting of
an edematous papulovesicular erupts
(fluid-
filled pimples and blisters)
Subcutaneous (beneath the skin) lumps with the
central portion consisting of dead tissues, these
may ulcerate spontaneously and may appear ds late
as four months after exposure
Upper respiratory tract: inflammation of the
mucous membranes of the nose, pharyngitis (in
flammation of the throat), tracheobronchitis
(inflammation of the windpipe)
(Productive cough, substernal pain, labored breath
ing, decreased vital capacity)
Pulmonary berylliosis
Acute : (may occur up to 72 hours following massive
exposure)
Chemical pneumonitis (localized acute inflammation
of the lung), pulmonary edema (abnormally large
amounts of fluid in the air sacs of the lung)
Chronic: (may be delayed up to 15 years)
Non-productive, paroxysmal (sudden recurrence or
intensification of symptoms) cough; spitting of
blood, substernal pain, labored breathing, loss
of appetite and loss Of weight, chills and fever,
decreased vital capacity, blueness (resulting
from insufficient oxygen in the circulating blood)
in the hands and clubbing of the fingers
Skin: Contact with the metal can cause irrita
tions and sores on the hands, face, neck and arms.
If some gets into broken skin, the cut may abcess
and not heal properly until the substance is re
moved .
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Disability : Sensitivity is permanent
Disability may last from weeks to years
The disease is treatable but not curable
There is also some indication that beryllium
exposure may increase the risk of certain
types of cancer.
Preventative
measures: Adequate ventilation, chemical goggles, mechanical
filter respirator, strict measures for suppres
sing dust
Extreme personal hygiene measures must be en
forced
No eating or smoking in work area
Regular examinations for exposed personnel -should
include checking blood count and chest X-ray.
All those in contact with the metal should.be
educated about its hazards
SECTION FOUR:
PROCESSES ENCOUNTERED IN METALWORKING
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In the section on Processes Encountered in Metalwork-








is used for the descripton of various chemicals and toxins.
The terms in the following sources were compiled into one set
of descriptive phrases :
E. R Plunkett, Handbook of Industrial Toxicology
(New'
York:
Chemical Publishing Company, Inc. 1966)
Susan M. Daum, and Jeanne M. Stellman, Work is Dangerous to
Your Health (New York: Random House, Inc. 1971; Vintage
Books 1973)
Kenneth P. DuBois and E. M. K. Geiling, Textbook of Toxicology
(New York: Oxford University Press 1959)
Irving P. Sax et al, Dangerous Properties of Industrial
Materials
,




Remaining relatively unchanged, the art of
blacksmith-
ing has been with us since before recorded history. Though an
ancient art, it is not without its hazards. The serious health
problems that result from constant exposure to coal present a
very grave concern for the modern blacksmith. The possiblity
of "black
lung"
or of carbon monoxide poisoning must be taken
into consideration when a blacksmith designs'his studio.
If the blacksmith is repeatedly exposed to soft coal
dustSjhe can contract simple pneumoconiosis or "black 1,-ung".
Soft coal is a synonyn for bituminous coal, defined as a min
eral low in carbon content yielding many volatile hydrocarbons
and burning with a yellow, smoky flame. As with many small
particle dusts, the coal dust, once inhaled, becomes lodged in
the lungs. The greatest areas of deposits are in the small
air tubes just before they enter the air sacs. The disease
greatly resembles bronchitis, emphysema and silicosis, because
in all four the same area of the lung is affected. Character
istically the same as emphysema, the disease shows up late, if
at all, in chest X-rays. The lungs become scarred and lose
their elasticity, which in turn causes the heart to overwork.
The condition does not stop with the event of small scar
ring of the lungs. The simple pneumoconiosis becomes compli
cated pneumoconiosis when the small mass pulls together and forms
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large masses of scar tissue. It is quite possible for these
hard "stony
masses"
to occupy more than half of the lung. A
further complication arises as the small masses pull together
and leave behind them ripped air sac walls, which cause severe
emphysema. The last fatal complication of black lung may be
respiratory infections. When blacksmiths smoke cigarettes,
the combination appears to increase greatly the incidence of
black lung and make it more severe. Conflicting reports have
stated that those who smoke cigarettes and work with hazard
ous materials are increasing their chances of disabilities any
where from three to ten times more than non-smokers.
Another very serious hazard that occurs every time there
is incomplete combustion is the production of carbon monoxide.
Unless combustion is carried out at very high temperatures,
carbon monoxide will be created. The distillation of cOal in
a forge will produce this substance. Carbon monoxide is a very
insidious gas, for it is colorless and odorless and has no
locally irritating effects. Its toxicity occurs through in
halation and subsequent passage into the blood stream. Due to
its chemical structure carbon monoxide has the ability to com
bine two hundred and fifty times more readily with the red
blood cells (hemoglobin) than does oxygen. Once the gas passes
through the lungs to the bloodstrrein, it immediately begins com-
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bining with the hemoglobin. It therefore interferes with the
blood's capacity to carry oxygen. The blood carries the oxy
gen to all the organs and tissues of the body. The organs
require a constant source of oxygen; if this process is inter
rupted they will stop functioning and die. The brain is per
haps the most dependent on this constant supply. The lack of
oxygen to the brain will result in the symptoms commonly asso
ciated with carbon monoxide poisoning. The first symptom is
a simple headache. Continued exposure will cause a throbbing
headache, reddening of the skin, weakness, dizziness, dimness
of vision, nausea and vomiting. When the carboxyhemoglobin
level is about fifty percent there is a loss of consciousness,
and at even higher levels of concentration, coma, suffocation
and finally death can occur.
While the Handbook of Industrial Toxicology lists, the max
imum threshold limit for carbon monoxide at 100 ppm of air,
the Encyclopedia of Occupational Health and Safety lists the
limit at 5 0 ppm of air. Since smokers inhale as much as 700
to 800 ppm of carbon monoxide at each puff, they are obviously
increasing their risk of carbon monoxide poisoning.
The following table demonstrates the effects of differ
ent blood concentrations of carbon monoxide:
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Carboxyhemoglobin Level Symptoms







nausea and vomiting, increased
respiratory, increased pulse rate
30-40% . . . . All the same symptoms plus : dim
ness of vision, decreased blood
pressure, muscular incoordination
40-60% . . All of the same symptoms
,
plus :
generalized weakness, mental con
fusion





The insidious feature of carbon monoxide is that because
it combines so readily with the hemoglobin large amounts -of
oxygen are required to release this bond. In a hypothetical
situation, during a morning of heavy forging, a blacksmith
could reach a carboxyhemoglobin level of somewhere around thirty
percent. He might attribute the symptoms of headaches, drowsi
ness and nausea to something else and so decide to take a break
for lunch. Although this rest period of half an hour to an hour
is not really enough time for the oxygen level to return to
normal in his blood, he feels a little better and returns to
work. Re -exposed to the same high level of carbon monoxide in
the atmosphere of the studio, compounded by the already high
content existing in his blood, his carboxyhemoglobin level could
rise to the fifty to sixty percent level and the result could
be convulsions or even death.
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For a blacksmith to protect himself thoroughly, a venti
lation specialist should be consulted to insure a safe studio.
The forge area should be properly ventilated to provide a con
stant flow, of fresh air and adequate removal of dusts and toxic
fumes. It is impractical for a blacksmith to constantly wear
a respirator, which is really designed to be worn in
short-
term and emergency situations. A ventilation system
is'
costly,
but it is a small price to pay for one's continued good health.
There should also be periodic examinations of the atmosphere
where carbon monoxide is thought to exist.
Apart from the health problems that exist in firing up
the forge, the blacksmith also faces certain hazards in the
grinding equipment used for quick removal of unwanted mater
ial from the surfaces of his pieces. The hazards arise from
both, the material being ground and the components of the wheel
doing the grinding. Certain resin-bonded wheels may contain
fillers which create hazardous dusts. When the grinding wheel
is stationary and the work is moved there should be good local
ventilation at the site of the grinder, When the work is sta
tionary and the grinder is moved, the person grinding should
wear an approved respirator adequate for the job.
93
CASTING
Casting is a technical process that has been employed
by jewelers for thousands of years. In its most basic defin
ition, casting is the process of filling the cavity of a mold
with molten metal. Some of the methods are sophisticated and
used extensively on a commercial or industrial scale; others
are quite simple and are taught to young children in crafts
classes.
It should be noted that children are in a high-risk
group because of their size and the immaturity of their -tissues.
Toxic levels that have relatively little effect on an adult can
greatly harm a child. Great precaution should be exercised
when exposing children to hazardous materials in either a home
or school situation. Because some of the less technical cast
ing methods are introduced to children in school, teachers must
be made aware of the dangers involved.
It is the basic casting methods that present some of the
more complicated hazards. The process of sand casting employs
the use of sand as the mold -making material. The sand used
usually has a high free-silica content. This introduces .the
chance of developing silicosis.
Phenolformaldehyde or urea-formaldehyde resins are some
times used as binders for the sand. The heat of the process can
cause these binders to decompose and produce toxic formaldehyde,
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phenolic or ammonia vapors. Hexamethlenetetramine
,
used as
a catalyst for the resin, is an irritant and a sensitizer. It
irritates the skin, ears, nose and throat and also acts as a
skin sensitizer. In his article, Potential Health Hazards of
Materials Used by Artists and Sculpors, Jerome T. Siedlicki
writes, "Carbon monoxide is always a constituent of the gases
from the burning of sea coal or other organic material in the




The hazards and symptoms of carbon monoxide poi
soning are discussed in more detail in the chapter on
black-
smithing .
Another hazard related to casting results from the use
of talc asamold release. Inhalation of talc presents problems
similar to silica inhalation. It is a disease common enough
to have its own name--talcosis. Its symptoms , like those of
silicosis and asbestosis, are long in coming. They are mani
fested by weakness, breathlessness , productive cough and cough
ing up blood, decreased vital capacity and clubbing of fingers.
There may be fibrosis and
granulation of the lungs, and devel
opment of emphsyema.
In cuttlefish-bone casting, the problem of
incomplete
combusion also arise, and therefore the
hazard of carbon monox
ides once again should be mentioned.
In the lost wax process the wax model is invested in a
slurry, which is usually a
combination of plaster, silica
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(cristobalite), boric acid and graphite. The potential hazard is
inhalation of silica. Good local ventilation or the uses of
an approved respirator, during the mixing up of the investment
is advised.. Also^the fumes during the burn-out of the wax con
tain carbon monoxide, and continual ventilation must be main
tained during this process.
Occasionally, a jeweler will be moved to burn out some
material other than wax, such as a
"found-art"
plastic object.
This dangerous procedure should be avoided. For a discussion
of the perils of burning out
plastics- the reader should 'refer
to the section on vinyl chloride in the chapter on plastics.
The ventilation system would have to be practically infallible
before someone should risk his health, burning out objects
made of this material.
If in making the original model file-a-wax is used and
the method of fabrication necessitates the use of a flexible
shaft, a dust respirator should be worn. The wax does not
present a toxicity problem but rather becomes a hazard as a
nuisance dust. The flexible shaft and even vigorous filing
will cause the wax dust to become airborne and while the wax
is not toxic, it is not advisable to
fill the lungs with it.
In the process of rubber molding, if talc is used to
prepare the mold for wax injection, caution should be used to
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avoid the inhalation of the talc (as prevously mentioned in sand
casting) .
If the metal to be cast is other than silver or gold, it
should be checked to insure that the alloy does not contain
toxic metals. (For example, brass is an alloy of copper and
zinc; bronze is an alloy of copper and tin. The effects of




The ornamental process of working metal into concavi
ties and relief by the uses of the hammer and variously shaped
punches
is1
called chasing and repousse. Chasing is the process
of working concavities from the front of the piece and repousse
is the term used for hammering in the reliefs from the back.
The hazard in this process comes from the material used to
support the metal, which is referred to as pitch. (Actually
a combination of pitch, plaster of par is or talc and tailow
or linseed oil. )
It is the pitch component that presents the problem.
It is absorbed percutaneous ly (through the skin) and can cause
ulcerations. Also; there is the chance of developing eczema,
inflammation of the hair folicles, acme, tumors, epithelioma
(type of skin cancer), formation of horny growth of tissues,
conjunctivitis (pink-eye), and corneal ulcers. It is recom
mended that appropriate protective gloves be worn when there
will be prolonged contact with pitch. Alternately, a protec
tive barrier may be used; zince oxide is suggested.
Personal
cleanliness is encouraged, including thorough washing to. re




When the pitch is burned off the piece during the
annel-
ing process, the brown fume that is produced is an irritant and
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can cause cancer. It is strongly advised that this process
be accomplished under good local ventilation to avoid breath
ing the potentially hazardous fumes.
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ENAMELING
The process of fusing powdered glass to a surface is
called enameling. The powders are usually fused to metal but
they may be used on any surface that can withstand the heat
required to fuse the powder into glass.
The Encyclopedia of Occupational Health and Safety list
the materials used in the manufacture of vitreous enamels as
follows :
"a) Refractories such as quartz, feldspar and clay;
b) fluxes such as borax (sodium borate decahydrate)
nitrite, fluorspar, cryolite, barium carbonate,




c) colours such as oxides of antimony, cadmium,
cobalt, copper, iron, nickel, manganese,
selenium, vanadium, uranium and titanium;
d) opacifiers such as oxides of antimony, titanium,
tin and zirconium, and sodium antimonate;
e) electrolytes such as borax, soda ash, magnesium
carbonate and sulphate, sodium nitrite and
sodium a lumina te;
f) floating agents such as clay, gums, ammonium
alginate, bentonite and coloidal silica.
"l
Neither space nor time allows individual identification of the
preceding list of materials. If one is doing extensive enamel
ing, it is advised that he become familiar with the contents
of the enamels that he is using. Manufacturers are usually
willing to provide such information. Many enameling manufac
turers have eliminated lead from their enamels. If the presence
-*-EncycloBedia of Occupational Health and Safety, 1971
ed. "Enamels,
glazes"
by N. Fish, p. 456
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or absence of lead is not clearly indicated on the container,
and the enameled object is to be used for food or beverage,
contact the manufacturer to check the contents. Lead can be
passed on to the food via the enamel.
When the enamels are applied wet, it is a common prac
tice among enamelers to use the tongue to keep the brush drawn
to a point. Considering the extreme toxticity of cadmium,
selenium, manganese, lead and other colorants, and components
of enamels, that is obviously dangerous. Ingestion of toxic
materials is a most rapid method of inducing their hazardous
effects. For example, the ingestion of intolerable amounts of
cadmium will result in symptoms occurring within fifteen to
twenty minutes. These symptoms include salivation, nausea,
vomiting, abdominal pain, diarrhea, dizziness or unconscious
ness.
There is also a danger in grinding one's own enamels.
Depending on the period cf exposure, there is the chance of
creating enough airborne particles to create a risk of pneumo
coniosis. The process of sifting enamels onto a surface also
liberates particles into the air. Good ventilation should be
employed during these processes.
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ETCHING
Etching is the use of acids to remove a part of the metal
surface to produce a decorative effect. Etching has many appli
cations in jewelry: it can be used to prepare a surface for the
addition of enamels or niello; to texture areas of the metal;
or to produce a surface pattern.
Each metal requires a different solution (etching mor-
dant). Most acids are caustic and irritating to the skin,
mucous membranes of the eyes and nose, and the lungs. # Further
more, each acid has specific additional hazards. Following
is a list of the acids and bases used in relation to metal
etching:
HYDROCHLORIC ACID (aka: Hydrogen Chloride, Chlorohydric Acid,
Mur iatic Ac id)
Appearance : A clear colourless gas or yellowish liquid.
It has a detectable odor at the threshold
limit .
Threshold Limit : 5 ppm of air (suggested)
Absorption: Inhalation, Ingestion
Pathology : Forms acid proteinates
Highly corrosive in solution and the vapor
is extremely irritating to all parts of
the respiratory tract
Symptoms :
Local: Conjuctivits (pink-eye), corneal necrosis
(death of the cells of the cornea), dermal
burns
Inhalation: Rhinitis (inflammation of the mucous mem
brane of the nose), per formation of nasal
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septum, dental erosion, laryngitis, bronchit
is, pneumonia, headache, palpatation
Ingestion: Burning in mouth, pharynx, esophagus, stomach,
salavation, nausea, vomiting, hematemesis
(vomiting of blood), perforation of intestinal
tract, chills and fever, shock, nephritis
(inflammation of the kidneys)
In a short high level exposure severe lung damage (pulmonary
edema: abnormal accumulation of fluid in the lungs)
Disability: No permanent effects are reported.
Preventive
Measures : Adequate ventilation, chemical goggles, chem




(aka) Aqua Fortis, Azotic acid, Engraver's Acid)
A colorless or straw colored fuming corrosive
liquid with a suffocating odor









Conjunctivitis (pink-eye) and corneal ulcera
tions (disintegration and death of the tissues
of the cornea)
Yellow discoloration of the skin and severe
burns with necrosis (death of tissue in a liv
ing animal due to infection or burns)
Dental erosion; sneezing, cough, chest pain,
bronchitis and bronchopneumonia
May cause acute poisoning which comes in three
phases :
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1. Irritation of upper respiratory tract (i.e.
burning in throat, cough, feeling of suffo
cation) and eye irritation;
2. symptoms disappear and are absent for a
period of several hours;
3. respiratory disorders reappear and may develop
rapidly into acute pulmonary edema often with
serious outcome;
or may cause peracute poisoning which is rare
and rapidly causes death.
Ingestion:
Yellow discoloration of teeth, mouth and pharynx
Epigastric (relating to anterior wall of the ab
domen) pain, nausea and vomiting of blood and
tissues, dyspnea (labored breathing) and asphyxia
due to glottic (vocal apparatus of the 1-arynx)
edema, perforation of the intestinal tract-, cir
culatory collapse
Disability Esophageal stricture, pyloric stenosis (narrow
ing of a duct or canal in the body) which may
be permanent
Preventive
measures : Adequate ventilation, chemical goggles, chemical
cartridge respirator, rubber gloves and protec
tive clothing
SULPHURIC ACID (aka: Dipping acid, Hydrogen Sulfate, Oil of
Vitrol)
Appearance : A colorless, odorless, heavy corrosive oily
liquid. This acid has a strong affinity for









Local: Conjunctivitis (pink-eye), and corneal burns,
dermatitis, ulcerations and first, second and
third degree burns :
1. First degree burns : result in erythema
(a superficial skin conditon character
ized by abnormal redness) and edema with
hot, painful red and swollen skin. No
scars or depigmentation (loss of skin
color) results from this action.
2. Second degree burns : the damage is more
severe, the edema greater and vesicles
(blisters) and bullae (large blister)
appear. Scars and depigmented area may
result.
3. Third degree burns : are characterized- by
sufficient damage to destroy the skin out
right around and beneath the burned] portions
and to cause separatio deep ulceration.
Inhalation:
Irritation of the nose and throat, laryngeal edema,
bronchitis and pneumonitis, pulmonary edema, lung
scarring (pulmonary fibrosis), and emphysema
Ingestion:
There is intense pain in the gastrointestinal
tract. The tongue swells and vomitus is brown-
colored due to the blood and eroded tissue it con
tains. The secondary and teriary effects result
in emaciation, sunken eyes, ulcerated throat,
thickened portion of the esophagus and contracted
stomach. There is dental erosion, shock, perfor
ation of the gastrointestinal tract is possible.
Albumin, blood and casts in urine.
Disability: Corneal damage may be permanent, esophageal and
gastric stenosis may occur.
Preventive
measures : Adequate ventilation, chemical goggles, chemical
cartridge respirator, rubber gloves and protec
tive clothing.
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AMMONIA (aka: Ammonia Gas, Ammonia Water, Ammonia Hydroxide)
Appearance : A gas with a strong, pungent odor
Threshold
limit : 50 ppm of air
Absorption: Inhalation




Local: Moist skin in contact with ammonia is severely
burned. Ulceration of conjunctiva and cornea,
corneal and lenticular opacities.
Ammonia solutions do not have a strong action on
the skin but may cause pain, erythema (superfi
cial reddening of the skin), and vesication
(blistering).
Inhalation:
Irritation of the mucous membranes, headaches,
nausea and vomiting, dyspnea (labored breathing)
and cough, bronchitis and hemoptysis, pulmonary
edema
In chronic cases a susceptibility to pneumonia
appears increased.
Acute poisoning from moderate concentrations of
ammonia result in sneezing, salivation,
contric-
tion in the throat and coughing with bloodstained
mucous, and attacks of suffocation due to reflex
closure of the glottis.
After first symptoms have disappeared; the swelling
of the eroded mucous membranes may cause loss of
voice.
High concentration may lead to immediate loss of
consciousness and death from shock or from asphyxia
due to reflex closure of the glottis.
Ingestion:
When ammonia solutions are swallowed; they cause a
softening and corrosive effect typical of caustic
alkalis. In severe poisoning there is definite
lipemia (presence of an abnormally high
concentra-
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tion of fat or lipid in the blood), and in fatal
cases, fat embolism is a material factor caus
ing death.
Disability : In cases of moderate poisoning (usually not more
than 72 hours ), damage to eyes and respiratory
tract may be permanent.
Preventive
measures : Adequate ventilation, face shields, chemical
cartridge respirator, rubber gloves, aprons, boots
Preclude from exposure: persons with eye or res
piratory disease
COPPER SULFATE: (aka: Bluestone, Blue Vitrol)
Appearance: Blue crystals or blue, crystalline granules or
powder
Absorption: Ingestion
Pathology : Irritant, some damage to systems reported
Symptoms :
Ingestion:
Nausea, vomiting, diarrhea, sweating, and rarely
convulsions, coma and death may result
Jaundice, gastric pain, dizziness, exhaustion,
anemia, cramps, shock, damage to the nervous sys
tem, kidney and enlargement of liver have been
reported .
(For more expanded information see : Copper compounds and
sulfuric acid. )
PHOSPHORIC ACID (aka: ortho- Phosphoric Acid)
Appearance : Clear crystals or a syrupy liquid
Threshold
limit : 1.0 mg/cu m of air
Absorption: Inhalation, Ingestion
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Pathology: Irritant. When heated to decomposition, it will
produce fumes of phosphorus oxide.
Symptoms :
Local: Conjunctivitis, burns of the skin
Inhalation:
Irritation of the respiratory tract
Ingestion:
Nausea and vomiting, abdominal pains, bloody
diarrhea, acidosis, shock
Disability : No permanent effects reported.
Preventive
measures : Adequate ventilation, chemical goggles, chemical
cartridge respirator
SODIUM HYDROXIDE (aka: Caustic soda, Lye, Sodium Hydrate
White Caustic)
Appearance : White solid available in pellets, lump or stick.
It is delinquescent (becomes liquid by absorption
of moisture from the air); a corrosive white
powder
Threshold
limit : 2 mg/cu of air
Absorption: Inhalation, Ingestion
Pathology: Combines with tissue to form alkaline albumates
(proteins found in nearly every animal and in
many vegetable tissue)
Symptoms :




Irritation of respiratory tract. Pneumonitis
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Ingestion:
Burning in mouth and esophagus
Nausea, vomiting and hematemesis (vomiting of
blood), abdominal pain and diarrhea, occasion
ally with blood
Edema of larynx and subsequent asphyxia
Mediastinitis (affecting pleural sacs of the
chest)
Perforation of gastrointestinal tract
Cardiovascular collapse
Coma
Disability : Corneal damage may be permanent; stricture of
esophagus and stomach may be permanent.
Preventive
measures : Adequate ventilation, chemical goggles or. full
face shield, mechanical filter respirator , .rubber
gloves, aprons and boots
Personal cleanliness is encouraged.
A basic rule to remember when mixing up acid solutions
is: ALWAYS ADD THE ACID TO THE WATER.
Areas on the metal that are to remain raised or un
changed during the etching process are blocked out with some
type of resist. In a jewelry text^ a varnish composed of liquid
asphaltum/turpentine/and benzene is suggested. For removal of
this resist, benzene or a lye solution is advised. The effects
of lye were just listed under sodium hydroxide. The extreme
ly hazardous effects of benzene are more thoroughly evaluated
in the section on solvents. In brief, it should never be used;
it affects the blood forming marrow of the bones, the skin
and the central nervous system.
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LAPIDARY
Lapidary is the art of fashioning stones into various
shapes by means of cutting and polishing techniques.
As with any grinding or polishing process, the material
to be ground^ as well as the material grinding it, must be
taken into consideration. The hazard of lapidary work comes
from the nuisance dusts that are liberated during the shaping
and polishing processes. If good local ventilation is not
possible, the stone cutter should equip himself with proper
respiratory apparatus. The stones that are cut often have a
high free-silica content. The level varies with each stone
and has to be checked individually Because the grinding
process is usually done with the assistance of water, the
chance of silica dust becoming airbone is minimized.
The initial process of slabbing and rough cutting the
stone is the area that creates the greatest hazard. Most of
the diamond edged cutting wheels use an oil mixture as a lu
bricant and cooling bath. Repeated exposure to oil mists can
lead to lung scarring and a disability similar to asbestosis.
Respiratory protection should be employed during this process.
(An expanded discussion of the hazards of oil mists is covered
in the chapter on machining )
Lastly, remove the stone from the dopping stick
mechan-
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anically, if possible, do not use benzene (as suggested in
some books) as a solvent.
MACHINING
Machining as a jewelry and metalworking process has
been used for hundreds of years. The method of lathe turn
ing as a technical process has been used by both machinists
and goldsmiths.
The health hazard in machining comes from the cutting
oils used to cool and lubricate the metal being worked.
'
The
problems arise both through inhalation of the oil mists and
percutaneous ly (through the skin) from oil-soaked clothes.
Oils cause blockage of the hair follicles, the depres
sions in the skin where the hair grows. Contact with oils
can cause a variety of skin rashes, such as acne and
black-
heads that are caused from blocked glands. In addition, lubricat
ing oils can act as direct irritants by washing away the
skin's own protective oils so that it becomes dry and cracked.
Barrier creams do not prevent skin exposure to oils, since
they are dissolved in the oils and are washed away.
Lubricating oils, including mineral oil, are mixtures
of many different hyrocarbons.
Constant skin contact from
greasing operations and from the
oil mists thrown off by mov
ing machinery can cause dermatitis and may cause skin cancer
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after many years. The presence of oil in the lungs can cause
chemical pneumonia and inflammation of the lungs. Habitual
exposure to oil mists can cause lung scarring and a disabil
ity similar to asbestosis.
During the first half of the 20th century oil acne was
the most common problem of machinists. With the advent of
water base cutting and grinding fluids, a host of new problems
arose. Eczematous contact dermatitis has become their most
common occupational skin disease. Two-thirds of the cutting
oils on the market today are of this variety.
The areas of the body in constant exposure are the
hands and arms. Often the upper portion of the legs, and in men,
the scrotum, can be affected due to contact with oil-soaked
clothing, from the mists thrown off machines, leading against
oily machinery and the common machinist's practice of keeping
an oil-saturated wiping rag in the pants pocket.
The health hazards presented by cutting oils may be
prevented by the use of good local exhaust ventilation to re
move the mists before they reach the machinists, and also
the use of non-carcinogenic oil (one in which the carcinogens
have been removed) is strongly recommended. When contact with
oil cannot be avoided, the use of protective clothing is ad
vised, including impervious aprons for the groin, and
protec-
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tive sleeves for the arms (if not a safety hazard around mov
ing machinery). Scrupulous personal hygiene should be em
ployed; workclothes should be laundered regularly, the practice
of keeping wipers in the pockets should be discouraged, and
cleansing at work breaks should be followed by thorough dry
ing and the application of an emollient cream. For removing
the oil, powdered skin cleaners containing
non-
irritating
scrubbers or waterless cleansers are effective, but never




After a piece is conceived and constructed, a choice
must be made as to the type of finish it will have. There
are many methods from which to choose: a variety of patinas,
buffed finishes, electroplated surfaces and abrasive paper
finishes. There are hazards accompanying many of the finish
ing processes and there are precautions that should be observed.
PATINATION
Using various sulfur and other metallic compound com
binations, a wide range of colors can be achieved on the.metal's
surface. The following lists the basic compounds encountered
in patina formulas :
AMMONIA CHLORIDE: (aka: Sal Ammonia)







Larger doses cause nausea, vomiting and acidosis
(acid intoxication due to faulty metabolism)
AMiONIA (effects listed in chapter on etching)
AMMONIUM SULFIDE : (aka: Ammonium Monosulf ide , Ammoniuiir
Sulphide)








Cyanosis (blueness of the skin and mucous mem
brane due to inadequate oxygenation of the cir
culating blood)
Respiratory depression
If ingested: burning in mouth, nausea, vomiting,
diarrhea
ANTIMONY SULFIDE : (aka: Antimony Pentasulfide , Antimony
Trisulfide)





Local: Irritants to skin and mucous membranes
Irritations and eczematious eruptions of the skin,
inflammation of the mucous membranes of the nose
and throat, metallic taste and stomatitis
(inflammation of the mouth), gastrointestinal up
set with vomiting and diarrhea
Irritability, sleeplessness, fatigue, dizziness
and muscular and neuralgic pains
Inhalation :
When heated to decomposition or on contact with
acid or acid fumes
,
it emits highly toxic fumes
of oxides of sulphur and antimony; it will react
to water or steam to produce toxic and flammable
vapors.
BARIUM SULFIDE: (aka: Barium Monosulfide )
Appearance : Cubic colorless crystals
Threshold limit : 0.5 mg/m3 of air
Absorption: Ingestion, Inhalation
Pathology: Irritant, Sensitizer
Symptoms : Irritation of eyes and respiratory tract, throat,
and skin, dermatitis, loss of hair, dizziness,
chills, vomiting, colic, diarrhea, rapid respir
ation.
Hypertension (abnormally high blood pressure)
and irregular heart action, cyanosis (blueness
of the skin and mucous membrane due to inadequate
oxygenation of the circulating blood). Muscular
weakness and tremors, lumbar (pertaining to the
loins), pain, convulsions and paralysis
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Triclinic, colorless slightly hygroscopic
crystals; salts are white or colored crystals
or powders
2 m/g/m of air suggested
Inhalation, Ingestion
Combines with sulfhydrl groups of essential
enzymes and thus interferes with cellular
metabolism
Foul breath, stomatitis (inflammation of the
mouth), gingivitis (inflammation of the gums),
metallic taste; anorexis (loss of appetite),
diarrhea, headache, malaise (general feeling
of body discomfort) and weakness, fever', rheu
matic (a disease marked by inflammation of the
connective tissue structures of the body),
albuminuria (albumin in the urine); exfoliative
dermatitis (skin falling off in layers of
scales )
Black on gums and black spots on buccal mucosa
(the mucous tissue of the gums in the mouth)
COPPER COMPOUNDS (including: Cupric nitrate, Copper Carbonate,




Blue, delinquescent (becomes liquid by absorp
tion of moisture from the air) crystals
Inhalation, Ingestion, Sensitizer
irritant, Pigment cirrhosis of tho liver (color
ation of the liver)
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Symptoms : Irritation of the nose and upper respiratory tract,
metal fume fever, dermatitis
Ingestion:
Nausea, vomiting and diarrhea, gastrointestinal
hemorrhage, nephritis (inflammation of the kidney)
Copper sulfate :
Vomiting, gastric pain, dizziness, exhaustion,
anemia (deficiency in the amount of hemoglobin),
cramps, convulsions, shock, coma, death
CALCIUM CHLORIDE: (aka: Dihydrate
,
Hexahydrate)^
Appearance : White, delinquescent crystals
Absorption: Ingestion
Pathology : Focal necrosis (death of the cells occupying a
focus )
Sy-mptoms : Conjunctivitis (pink-eye), irritation of the
skin, nausea and vomiting if ingested
GLACIAL ACID (aka: Glacial Acetic Acid, Methane, Carboxylic
Acid, Vinegar Acid, Ethanoic Acid)
Appearance : Clear colorless liquid, corrosive pungant odor
Threshold
limit : 10 ppm of air
Absorption: Inhalation, Ingestion
Pathology: Local irritant, panbronchitis and emphysema,
hyperema (excess of blood) in the stomach, cloudy
swelling of the liver, hemorrhagic nephrosis
(a copious escape of blood and swelling of the
liver)
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Symptoms : Skin and hands may become blackened, there may be
hyperkeratosis (excess of ketone production) as
well as fissured
Conjunctivitis, corneal erosion and irritis (in
flammation of the iris portion of the eye)
Chronic bronchitis
Ingestion:
Pain in mouth, pharynx, esophagus, stomach, vomit
ing and hematemesis (vomiting of blood)
Diarrhea with bloody stools
Laryngitis, bronchitis, pulmonary edema and pneu
monia
Cardiovascular collapse
Albuminuria (albumin in urine) and hematuria
(blood in urine)
NITRIC ACID: (Effects covered in chapter on etching)
OXALIC ACID: (aka: Dicarboxtlic Acid, Ethansdioic Acid)
Appearance : Colorless crystals
Threshold
limit : 1 mg/m of air
Absorption: Inhalation, Ingestion
Pathology: Corrosive, damage to the renal tubules, cerebral
edema, combines with calcium ions
Symptoms :
Local :
Conjunctivitis and corneal damage
Gangrenous (massive death) and ulcerations of skin
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Inhalation:
Irritation of respiratory tract
Ulcerations of mucous membranes
Epistaxis (checking of any discharge), headache,
nausea and vomiting, muscular irritability,
weak-
. ness
Albuminuria (protein found in the urine)
Ingestion:
Burning and corrosion of the mouth, esophagus, stom
ach, nausea and vomiting with blood, abdominal pain,
diarrhea and bloody stools, numbness and tingling
of fingers and toes
Muscular irritability, tetany (syndrome manifested
by sharp flexion of the wrist and ankle joints),
convulsions, shock
Oliguria (reduced daily output of urine), anuria
(total suppression of urinary secretion by the_
kidney)
Hematuria (blood in the urine), albuminuria (-pro
tein in the urine)
Cardiac irregularities and circulatory collapse
POTASSIUM SULPHIDE (the incorrect nomenclature of liver of
sulphur is often used as a synonym)
Appearance : Yellow chunks
Absorption: Ingestion, Inhalation, Percutaneous
Pathology: Local irritant
Symptoms : Softening and irritation of the skin
Ingestion:
Corrosive and irritant through the liberation of
hydrogen sulfide and free alkalai
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HYDROGEN SULFIDE (aka: Hydrosulfuric Acid, Sulfuretted
Hydrogen)
Appearance : Colorless, flammable gas, odor of rotten eggs
Threshold
Limit : 20 ppm of air
Absorption: Inhalation
Pathology: Irritant, respiratory paralysis
Symptoms :
Local :
Conjunctivitis and keratitis--"Spinner 's eye"
(inflammation of the cornea); skin burns.
Respiratory:
Rhinitis (inflammation of the mucous membrane
of the nose) and olfactory fatigue, pharyngitis
(inf lamination of the throat), bronchitis, pneu
monia, pulmonary edema (may be delayed several
days )
Systemic :
Headache, dizziness, anorexia (loss of appetite),
nausea, vomiting, diarrhea, irritability and
insomnia, ataxia (loss or failure of muscular
coordination) and hyperflexia; tremors and




NITRATES (including Potassium Nitrate KNO3 )
Toxicology: Large amounts ingested may have serious or even
fatal effects, dizziness, abdominal cramps,
vomiting, bloody diarrhea, weakness, convulr
sions and collapse
Chronic :
Weakness, general depression, headache and
mental impairment
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Bulk sodium chloride heated to high temperatures
emits a vapor irritating to eyes.
Large quantities can cause irritation of the
stomach
SODIUM CARBONATE (aka: Crystal Carbonate, Sal Soda, Soda
Ash, Soda Monohydrate , Sodium Sequicairbonate)







Irritation of eyes and respiratory
tract,-
per
foration of the nasal septum, "Soda
ulcers"
of
hands and wrists, nausea , vomiting, abdominal
pain, diarrhea
SODIUM HYROXIDE (Effects listed under chapter on etching. )
Any patination process should be carried on under the
protection of good ventilation. The use of chemical goggles
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or full face shield, mechanical filter respirator, rubber
gloves, aprons and boots will be adequate protection.
BUFFING AND POLISHING:
Buffing is defined as a combination of light cutting
and lapping to produce finishes ranging from semi-bright to a
high gloss. Polishing means using coarse abrasives to^ remove
portions of the original surface of the metal. The materials
used in the buffing and polishing compounds are combined with
fats and waxes to form bars
,
a convenient form for applying
the material to the buffs and laps. ;
TRIPOLI : (aka Rottenstone, amorphous form of silicon dioxide)
Appearance : A finely granulated white or grey siliceous rock
resulting from the decomposition of chert or
siliceous limestone
Absorption: Inhalation
Toxicology: Effects due to silica content may be enough to
produce pulmonary fibrosis
ROUGE: (aka: Iron Oxide/Ferrous Oxide)
Appearance : Black powder, red-brown powder or lumps
Threshold
limit : 15 mg/m of air
Absorption: Inhalation
Pathology: Siderous (chronic fibrosis reaction in the lungs
to the inhalation of iron or its oxide) with
lymphocytic (pertains to a variety of white
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blood cells in the lymph nodes) infiltration but
no fibrosis
Sympt oms : Mild conjunctivitis, cough, chronic bronchitis,
metal fume fever
After 5-10 years exposure may reveal reticulation
or fine nodulation throughout the lung fie Ids- -
"Iron oxide
lung"
WHITE DIAMOND: (A compound formed from amorphous silica)
The effects of silica on the body are described in the chap
ter on sandblasting.
*
For any of the buffing and polishing operations, the
best protection is strong ventilation at the site of the buf
fing machine. A system that draws the dusts away from the
buff and person is the best method. If the filter traps are
maintained so they are kept une logged by buff lint and the
ventilation system is designed to draw the contaminants away
from the person buffing, the hazards of buffing compound in
halation should be safely minimized.
Other compounds encountered in polishing wheels are
silicon carbide, aluminum oxide and pumice.
CRAYTEX WHEELS (composed of silicon carbide)
Appearance : Bluish-black tridescent crystals
Toxicology : Silicon carbide, an artificial abrasive, creates
very little possiblity of a hazard as opposed to
the natural abrasives like silica, emery or
natural corundum. Concern should be given to
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the inhalation of large quantities of material
liberated during any polishing process from the
standpoint of nuisance dusts. It is never a
good idea to be in constant exposure to any
dust or particulate matter, whether it be toxic
or inert. Accumulation of any material in the
lungs is not healthy, and should be avoided.
ALUMINUM OXIDE (aka: Alumina)
Appearance : White powder
Threshold
Limit : 5 0 million par tic les /m3
Absorption: Inhalation
Toxicology: There has been some record of lung damage due
to the inhalation of finely divided aluminum
oxide particles. This effect is known as
"Shaver's
disease"
and is complicated by the
presence of silica and oxides of iron in the
inhaled air.
The data sheet prepared by the Health Comittees, Chem
ical Section of the National Safety Council writes that
Bauxite pneumonconiosis ("Shaver's disease") "...definitely
does not occur from the use of corundum grinding wheels or
from other forms of aluminum
oxide."
PUMICE
Appearance A porous rock, greyish or whitish, fragile and
of low specific gravity, coming from recent vol




Toxicology : Because of the free silica content in pumice, care
should be taken to avoid breathing in pumice
dusts. If powdered pumice must be obtained through
the grinding of larger pumice stones, then proper
respiratory equipment must be used.
ELECTROPLATING:
The Encyclopedia of Occupational Health and Safety
de-
fines electroplating as :
"When a metal salt is dissolved in water it
dissociated into charged groups which are
called ions. If two electrodes are placed
in the solution and a potential difference
applied across them, the ions will move
through the solution to the oppositely
charged electrode.
The metal part of the salt is the positively-
charged cation and when this reaches the
negatively-charged cathode it loses its
charge, becoming a neutral metal atom which
can be deposited on the cathode. This
process of building up one layer of one
metal on another is called electroplating.
"2
The process of electroplating is performed for a vari
ety of reasons: to provide a more attractive surface finish,
to cover solder seam lines, to change the surface metal to a
more precious one, to provide a harder wearing, more resilient
surface or to build up an undersized or worn portion.
There are many grave hazards associated with electro
plating, resulting from the acids, metallic salts and cyanides
2The Encylopedia of Occupational Health and Safety, 1911
ed.
"Electroplating"




Headache, dizziness, hyperpnea (abormal increase
in the depth and rate of the respiratory movements);
rapid pulse, nausea and vomiting, unconsciousness,
convulsions, death
Chronic :
Headache, anorexia (loss of appetite), dizziness,
macular (discolored spots on the skin not elevated
,
above the surface) papular (pimple) or vesicular
(blistered) dermititis
The "Special Report No.
14,"
The Hazards of Cyanides
in the Jewelry and Silverware Industries, by P. E Gainsbury,
describes cyanides as : -
"Cyanides and hydrocyanic acid are what are known
as 'true protoplasmic poisons', that is they
interfere with the mechanism by which oxygen
enters the tissues and cause death by asphyxia
tion. Poisoning can not only occur by breathing
cyanide vapors or ingesting solid cyanides or
solutions, fatal doses of hydrocyanic acid may
be rapidly absorbed through unbroken
skin."
From this same report is a recommended code of prac
tice for small workshops using cyanides :
"1. Stocks of cyanide salts and solution should be as
small as is practicable and kept under lock and key within
the workshop, where they are to be used, and not with any
other chemicals.
2. All cyanide baths should be kept covered when not
in use and be provided with efficient ventilation hoods..
3. Cyanide baths should not be situated adjacent to
or share ventilation hoods with acid baths.
4. Washing tanks and sinks used for cyanide processes
should not be shared with acid processes.
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5. Cyanide baths should be clearly marked as such
and any vessels used for preparation or handling of cyan
ides should be clearly marked and reserved for that purpose
only.
6.-
Workshop floors where cyanides may be accidently
spilled or splashed should be non-absorbant and washable.
7._ Tanks should be empied when necessary by pumps
made for the purpose, and effluents and solutions stored in
clearly marked closed containers.
8. Cyanide-containing effluents should not be mixed
with other substances except under expert guidance.
9. There should be adequate clear working
space- around
cyanide baths.
10. Protective waterproof aprons and gauntlet gloves
and eye protection should be worn when working with cyanides.
In large instalations
,
rubber boots should be worn in any
case, footware likely to come into contract with splashes or
spillage of solutions should not be worn away from the work
shop.
11. Protective clothing and footware, when not in use,
should be kept in lockers within the workshop, separate from
those used for normal clothing.
12. There should be washing facilities for personnel
within the workshop and reserved for that purpose.
13. It is preferable that per sonnel working with cyanide
processes do not work alone. If this is unavoidable, work
shops should have glazed doors or internal windows so that
workers in other rooms can see into the workshop.
14. Working with cyanides alone in building, say, in
overtime should not be permitted.
15. In case of accident, a doctor and ambulance should
be called immediately and informed that cyanide poisoning is
suspected .
16. The cyanide antidote and amyl nitrite, and the
recommended materials and equipment for medical attention
should be kept available immediately outside the workshop.
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17. All personnel working in the factory in the vicin
ity of the plating or finishing shop, or likely to enter it,
should be made aware of the dangers of cyanide poisoning and
know what action to take if an accident occurs.
18.'
All workers should be instructed that if anything
goes wrong, or irregularity is suspected in a cyanide process,
the workshop should be evacuated immediately without stopping
to attempt to rectify the situation. If there is any suspicion
of hydrocyanic acid gas generation, the Fire Brigade should
be informed of the position.
19. Approved cautionary notices for cyanide users
should be displayed in all areas where these substances are
used or stored.
Note : The treatment of cyanide effluents is beyond the scope






Potassium Cyanide: (covered under Gold Plating Bath)
Potassium Silver Cyanide: (covered under the section on Cyanides)
Cyanide Salts and liquids should never be stored in the
same cabinet as any acid. They should be stored separately to
avoid any chance of interaction between the two, which would
result in the production of hydrocyanic acid. This volatile
acid can cause death within a few minutes. Because of the
rapidity with which it works, cyanide poisoning has a mortal
ity rate about 95%. The Duke University Poison Control
Center suggests the following as emergency treatment for
cyanide poisoning:
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1. Break pearls of amyl nitrate, one at a time, and
hold near patient's nose.
2. Inject intravenously, over several minutes, 10 ml.
of a 3% solution of sodium nitrate (0.3 gm. )
3. Immediately following this injection, inject 50 ml.
of a 3% solution of sodium thiosulfate (12.5 gm)
4. Discontinue amyl nitrate inhalation.
5. Use gastric lavage to remove the unabsorbed poison
if the chemical was taken by mouth. This should be continued
until all cyanide odor is absent from the fluid withdrawn
from the stomach. A solution of potassium permanganate
(1:5,000) or hydrogen peroxide (l%).can be given as a chem
ical antidote, but neither is very effective.
6. If symptoms continue or recovery is slow, the sodium
nitrate and sodium thiosulfate are repeated in full doses.
7. If the poison was mercuric cyanide, injection of
BAL may be indicated.
EMERGENCY KIT (available only by prescription)
For the treatment of certain cyano compounds, the following
supplies should be readily available:
CYANIDE POISON ANTIDOTE KIT (Lilly)
2 dozen amyl nitrite pearls
2 ampoules sodium nitrate solution (lOcc, 3% solution)
2 ampoules sodium thiosulfate solution (50cc, 25%
solution)
1 lOcc and 1 50cc syringe with needles
Tourniquet
Cotton Balls
1 bottle 70% alcohol




Niello, a mixture of metallic sulphides which is usually
dark grey in color , is a process that has been used since
Roman times for decorating silver and less frequently gold.
Designs are engraved into the metal and the subsequent cavi
ties are filled with the niello. It is then fired much the
same as an enamel would be.
There are many formulas for niello; anyone who uses
this process extensively will probably have his own particu
lar combination. Most of the formulas contain metallic- ele
ments that are highly toxic in both the power and vapor, states.
Almost every mixture contains lead, which is discussed in an
earlier chapter. As stated, lead poisoning will affect the
gastrointestinal, genitourinary, neuromuscular, blood and
central nervous system. In other words, it has a profoundly
adverse effect on the entire body. Mercury and antimony,
other toxic elements required in the niello formulas, are also
analyzed in a previous section.
Due to the nature of the process of niello, the metal
lic elements are experienced in both a dust and fume form.
'Ihe process requires that the mixture of elements is first
melted together; once cooled, the mixture is ground into a
powder form. Because both the melting and the grinding can
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expose the user to toxic materials, both processes should be
done with good local ventilation, or at least the use of an
approved respirator. In addition, strict personal hygiene
should be exercised . Hands and clothing should be carefully
cleaned to insure that traces of lead and mercury are not
carried out of the studio or into eating areas. Finally under
no circumstances should a person smoke or eat in the vicinity
of these toxic metals.
PLASTICS
The use of plastics in jewelry has become common enough
to warrant a discussion of their hazards. A complete analysis
of plastics, however, goes beyond the scope of this paper. A
categorical approach will be enough to indicate that the as
pects of plastic forming and fabrication should be dealt with
cautiously. If any material; including plastics, is in con
stant use in the studio and its hazards are not listed with
the material, users are
urged to ask the manufacturer for a
complete OSHA data sheet. Manufacturers are legally bound to
provide a list of the components of the material in question.
The effects of the components can be checked in one of the
references listed in the bibliography of this thesis.
All plastics are chemical compounds called polymers.
The prefix
"poly"
means many, and polymers are long chain
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linkages of many smaller molecules called monomers. There
are two types of plastics: moldable, or thermoplastic, and




it becomes decomposed through application of heat or solvents
The great danger with the material comes from working with
the components of uncured plastic, among which are monomers,
solvents, fillers, catalysts and dyes. Heating plastics can
liberate unreacted monomers that have remained unlinked in
the cured plastic. Machining of plastics causes many fine par
ticles to become airborne, which produces the hazard of
nuisance dusts that can cause lung problems.
ACRYLICS : (examples: A-100 SM, Bakelite, Bavick-11, Genco,
Lucite, Plexiglass, Polypenco)
The acrylics are derived from acrylate esters. -Acryl-
ates may be absorbed by inhalation or ingestion. The vapors
are irritants of the skin, eyes and respiratory tract, and
can cause headaches. In working with processed acrylic
sheets, the danger comes from the inhalation of the plastic
dust during any machining process. Proper protection from
these nuisance dusts Is provided by an approved dust respir
ator.
Used in the process of laminating sheets of acrylic
into a larger block of acrylic are either solvents (for cohe-
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sion) or glues (for adhesion). Solvents for cementing may
contain methylene chloride, trichlorethylene and acrylic
monomers. Acrylic glues may consist of methyl methacrylate.
The hazards of these are listed below.
METHYLENE CHLORIDE (aka: Dichloromethane, Methylene
Dichloride)
Appearance : A colorless liquid; ethereal odor







Irritant; depressant of the central nervous
system
Irritation of the eyes and respiratory tract,
headaches, dizziness and stupor, nausea and
vomiting, paresthesias (morbid or perverted













100 ppm of air
Inhalation, Ingestion, Percutaneous
Irritant, depressant for the central nervous
system, venticular fibrilation (a condition
causing irregular heartbeat) and cardiac arrest;




Conjunctivitis (pink-eye) , dermatitis , neuronosis
(paralysis of thumb and forefinger after prolonged
exposure)
Ingestion:
Burning in mouth and throat, nausea, vomiting,
abdominal pain, headache, vertigo (a sensation
as if the external world were revolving around
the patient), incoordination, circulatory, un
consciousness, convulsions, tremors, anesthesias
(loss of feeling), paresthesias
Inhalation:
Irritation of the nose and throat, increased
respiratory rate, bronchitis, pulmonary edema,
anorexia (loss of appetite), nausea and vomiting,
jaundice, slight hepatomegaly (enlargement of the
liver), headache, vertigo, psychic disturbances,
nystagmus (involuntary rapid movement of the-eye),
narcosis (state of profound unconsciousness pro
duced by a drug), tremors, peripheral neuritis
(inflammation of a nerve) , precordial pain (pain
in the area over the heart or stomach), cardiac
arrythmias (variation from the normal rhythm of
the heartbeat) and arrest, convulsions
Retrobulbar neuritis (inflammation of the nerves
behind the eyball), dusturbances of color vision
optic atrophy (wasting away or diminution ih the
size of a cell)
METHYL METHACRYLATE
Appearance : A colorless, volatile liquid
Threshold
Limit : 500 ppm of air
Absorption : Inhalation of fumes or dusts in manufacture,
burning, sawing, drilling, lamanating glue vapors
Pathology : Irritant
134
Symptoms : Irritation of respiratory tract, headache, anor
exia (loss of appetite), irritability and som
nolence (oppressive drowsiness or inclination
to sleep), decreased blood pressure, nausea
POLYESTER:
Polyster resins, used for laminating and casting, have
highly irritating fumes. They are a two part plastic, con
sisting of monomers phthalic anhydride and maleic anhydride,
and the plasticizers styreme and methacrylate.
PHTHALIC ANHYDRIDE
Appearance : White lustrous crystals








Conjunctivitis (pink-eye) and corneal burns
Rhinitis (inflammation of the mucous membranes
of the noes), anosmia (loss of sense of smell),
Epistaxis (bleeding from the nose), hoarse
ness, bronchitis, emphyseme and asthma may
appear after years of exposure
Anorexia (loss of appetite ),weakness of urticaria
(welts and reddening of the skin), skin burns
and brown staining of the skin
MALEIC ANHYDRIDE (aka: cis-Butenedioic Anhydride, Toxilic
Anhydride, 2, 5-Furandione)
Appearance : Colorless crystalline needles
Threshold







Conjunctivitis and corneal erosion, cough, bron
chitis, headache, epigastric pain, nausea, vom
iting, vesticular (blistering) dermatitis and
skin burns, pulmonary edema, inhalation or
ingestion of very small amounts may cause death
or permanent injury .




Appearance : A colorless liquid; aromatic odor
Threshold
Limit : 100 ppm
Absorption: Inhalation
Pathology : Irritant, depressant for central nervous system
Symptoms : Conjunctivitis, irritation of respiratory tract,
anorexia (loss of appetite), nausea, vomiting,
weakness, drowsiness, defatting, dermatitis,
headache, damage to the liver, blood damage
METHYL METHACRLATE (previously discussed under Acrylics)
EPOXY RESINS:
Epoxy resins are used in laminating glues, for castings
and in some lacquer coatings. They are a two-part plastic,
composed of an uncured epoxy resin and a hardener (or curer).
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EPOXY RESIN: (aka: Epoxide Resins, Ethoxyline Resins)
Appearance : Viscous liquids or clear solids
Threshold
Limit : Varies with the amino -compound
Absorption: Inhalation, Percutaneous
Patholog'y : Irritant, Sensitizer
Resin is usually a phenolic compound and the
hard ener is usually a liquid amine.
The cured resin is inert.
Symptoms : Conjunctivitis, Rhinitis (inflammation of the
mucous membrane of the nose), Asthma.
Skin manifestations: irritative erythema (super
ficial skin condition characterized by abnormal
redness)
The uncured epoxy is a strong skin irritant.
It-
may
also be a cancer -causing agent because of its chemical makeup.
The amine (or hardener) component of the epoxy resins is a
strong skin sensitizer and very small quantities can cause
irritation. It is possible to overheat the cured resin during
machining process (sanding, sawing, etc.) and irritating fumes
may be created. Skin contact should be avoided, and, as al
ways, mixing of the resins should take place in a well-ventil
ated area.
VINYL POLYMERS:
This group includes polyvinyl choride (JVC) , polyvinyl
acetate (PVA), PVC/PVA coplymers and polyvinyl alcohol. Vinyl
polymers are thermoforming plastics , and great care must be
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taken so as not to allow the plastic to burn and decompose,
for it releases hydrogen chloride and unreacted vinyl chlor
ide.
HYDROCHLORIC ACID: (aka: Chlorohydric Acid, Hydrogen Chloride
Muriatic Acid)
Appearance : A clear colorless gas or yellowish liquid
Threshold
Limit : 5 ppm or air suggested
Absorption: Inhalation, Ingestion
Pathology: Forms acid proteinates
Symptoms :
Local :
Conjunctivitis, corneal necrosis, dermal burns
Inhalation:
Rhinitis (inflammation of the mucous membrane
of the nose), perforation of nasal septum,
dental erosion, laryngitis, bronchitis,
penu-
monia
, headache, palpitation, irritant to
mucous membrane of the eyes and respiratory
tract; severe exposure can result in pulmon
ary edema .
Ingestion:
Burning in mouth, pharynx, esophagus, stomach;
salivation, nausea, vomiting, hematemsis
(vomiting up blood), perforation of intestinal
tract, chills and fever, anxiety shock,
nephritis (inflammation of the kidneys)
VINYL CHLORIDE : (aka : Chloretheme
,
Chloroethylene )
Appearance : Colorless gas, ethereal odor
Threshold
Limit : 500 ppm of air
Absorption: Inhalation
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Pathology: Irritant, Angiosarcoma (cancer of the liver)
has been reported
Symptoms : Conjunctivitis and corneal burns, dermatitis,
headache, dizziness, irritation of respiratory
tract, narcosis (a state of profound uncon
sciousness produced by a drug). In 1974, found
to cause a rare form of cancer of the liver--
angiosarcoma-
-which cannot be diagnosed until
it is incurable.
POLYSTYRENES :
Polstyrene can be purchased in variqus forms, including
molding pellets, foam sheets, and expandable beads. I.t is
fabricated through cutting, fusing and thermoshaping. Hot
wire cutting or sawing of factory fresh or very large quan
tities of styrofoam can liberate any unreacted styrene mono
mers or the colorless, odorless methyl chloride gas.
STYRENE: (Discussed under RiLyester Resins)
METHYL CHLORIDE (Chlorome thane , Monochloromethane)
Appearance : Colorless gas or liquid, ethereal odor
Threshold
Limit : 100 ppm of air
Absorption: Inhalation
Pathology : Metabolized in body to methyl alcohol
hydochloric acid
Cerebral edema (an abnormal accumulation of
serous fluid in various organs, cavities,
tissues of the body)
Pulmonary edema, nephritis (inflammation of
the kidney); fatty degeneration of the liver;
irritant
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Symptoms : (May be delayed for hours)
Central nervous system:
Headache, dizziness, drowsiness, slurred speech,
visual disturbances, mental confusion and instab
ility, delirium, ataxia (loss or failure of
muscle coonLndation) and tremors, coma, convul
sions
Gastrointestinal:
Anorexia (loss of appetite), nausea, vomiting,
abdominal pain, diarrhea, hepatomegaly (enlarge
ment of liver), and splenomegaly (enlargement of
spleen), jaundice
Genitourinary :
Albuminuria (protein in the urine), hematuria
(blood in the urine), oliguria -(reduced output of






blurred vision, dilated pupils
General :
Freezing of skin if exposed to compressed gas,
muscular pains, anemia, cyanosis (blueness of the
skin or mucous membrane due to lack of oxygen in
the circulating blood), weakness, fever
Open flames should be avoided when using any of the
polystyrene plastics to insure that neither styrene nor
methyl chloride gas is allowed to infiltrate the atmosphere
of the studio.
When fabricating any plastic, if there is machining
to be done, an adequate respirator suitable for nuisance
dusts should be worn. If the processes of laminating ot
curing of plastics are undertaken, caution should be exer
cised. The room must be adequately ventilated, chemical




a chemical respirator is encouraged and there should also be
protection for the hands if they are going to come in contact
with the uncured monomers and hardeners. If a sensitivity
reaction to any of the catalysts occurs, precautions should





The process of sandblasting employs air pressure to
propel a fine jet of sand. This method can be used .to -clean,
grind or decorate hard surfaces. If the surface and the jet
of sand are confined within their own closed environment,
there is really very little health hazard presented.
However, when the surface, the person sandblasting,
and the jet of sand are all in the same environment, a very
great hazard is created. The prime danger is, of course,
the dust created, both from the sandblaster and the work under
going the blasting. In an uncontrolled atmosphere, vast
quantities of silica dust are made airborne. If there is
prolonged inhalation of air containing large quantities of
free-silica under 5//m in size, the person sandblasting will
contract a condition of silicosis.
Heavy concentrations of iron oxide produced during the
cleaning of ferrous castings may produce another pneumoconiosis
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called siderosis (definition of this disease can be found
in the chapter on Iron). If exposed to these dusts, these
pneumonconioses can be contracted within a period of 7-12
years, although under extremely unfavorable conditions,
development may take as little as two years. Of the two,
silicosis is far more dangerous than siderosis, for the
outcome is frequently totally disabling or even fatal. In
almost fifty percent of the cases, silicosis is complicated
by pulmonary tuberculosis which greatly magnifies the 'dis
abling effect and death rate. There is also the possibility
that even when the particles are not in sufficient enough
quantity to cause pneumoconioses, they can aggravate an al
ready existing disease such as chronic bronchitis.
The material that is to be sandblasted is very import
ant. Extreme caution should be exercised when sandblasting
toxic metals. Many times the coating to be removed (i.e.
protective paints) contains toxic ingredients such as lead,
mercury, chromium, arsenic, zinc or cadmium. These all con
stitute significant hazards. Complying with standard venti
lation requirements is usually sufficient enough to dilute
the toxic dusts to below their maximum permissible concen
tration.
The best method of protection against silicosis is to
use a different abrasive material, preferably
"silica-free."
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That is, of course, the most simple method but not necessar
ily the most effective. If sand is to be used, the choice
should be a silica sand for it breaks and forms a fine dust
less readily than river or sea sand. If possible, a pref
erence should be given to a wet method rather than a dry,
which will, in turn, reduce the dust dispersion.
-
If the sandblasting is to be done in an open air en
vironment, respiratory protection from the dusts should be
provided for any persons in the area who will be exposed , as
well as for the person doing the sandblasting.
The Encyclopedia of Occupational Health and Safety out
lines the proper safety equipment for the sandblaster as
follows :
"The operator must be provided with a special
protective airline helmet and strong, shot re
sistant overalls, apron rubber Wellington boots
and gauntlets. The special helmet is a per
sonal issue and must not be worn by anyone
other than the man whose identity number or
distinguishing mark it carries. ... It is
recommended that the operator should not spend
more than 40 min, inside the chamber at one time.
. . . All persons working in the close vicinity
of open air abrasive blasting operations and
any other persons who may be exposed to fine
dust (e.g. workers at any open point of trans
fer of abrasives) should wear respiratory pro
tective equipment or be protected by effective
exhaust
ventilation."
3Encyclopedia of Occupational Health and Safety, 1971
ed. "Sandblasting,
shotblasting"
by B. W. Farrell , p. 1269
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SILICA (Some examples: Cristobalite
,
Quartz Sand, Silica
Anhydride, Silicon Dioxide, Tridymite, Semi
precious stones)






5 million particles/cu ft of air if free Si02
is above 50%
20 million particles/cu ft of air if free
Si02 is 5-50%
5 0 million particles/cu ft of air if free
SiO2 is below 5%
Inhalation
Silicosis
Perialveolar lymphatic reaction produces
lation.
Interstitial tissue reaction (of bronchial and
vascular wall) produces linear fibrosis.
Usually after 10-25 years of exposure: dyspnea
(labored breathing), cough, pain in chest, de
creased vital capacity, diminished chest expan
sion
The action of silica on the lungs results in the, produc
tion of a diffuse, nodular fibrosis in which the parenchyma
(functional elements of an organ) and the lymphatic system
are involved. This fibrosis is, to a certain extent, progres
sive and may continue to increase for several years after
exposure is discontinued.
Disability : May become permanent in 5-20 years
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Preventive
Measures : Adequate ventilation with frequent analysis of
air
Wet process whenever possible
Airline filter respirator
Physical examinations of exposed persons
annually, including chest X-ray
Preclude from exposure those individuals with
pulmonary diseases
SOLVENTS :
Solvents are used daily in the studio, with little more
care given them than whether or not they will do the job.
They are one of the most unacknowledged hazards in art.. Al
most all are poisonous, most cause some type of dermatitis
and some are so dangerous they should not be used. Benzene,
because of its highly destructive effects on the bodyj should
never be used. This is apparently not common knowledge be
cause benzene is recommended in a highly reputable textbook
as a good general solvent. Solvents can be grouped into
classes bearing the same properties. Oftentimes^ if a desired
solvent of a particular class is highly toxic, there may be
another in the same class that can be safely substituted.
AROMATIC HYDROCARBONS:
Compounds derived from benzene (benzol). Many have sim
ilar effects on the body, varying only in their degree of
toxicity. All the solvents in this group are irritating and
inhalation can result in damage to certain organs. After a
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few minutes of exposure- the nose becomes impervious to their
odors and cannot be used as a defense mechanism against over
exposure.
BENZENE (aka: Benzol, Coal Tar Naptha, Phenyl Hydride)
Appearance: Colorless, flammable liquid
Threshold
Limit : 25 ppm of air
Absorption: Inhalation, Ingestion, Percutaneous
Symptoms :
Acute :
Euphoria, excitement, headache, vertigo;- inco
herent speech, narcosis (a state of profound
unconsciousness due to a drug); stimulation
of central nervous system, then depression
with death via respiratory paralysis; respir
atory irritation and pulmonary edema; gastro
intestinal irritation with vomiting and
colic (acute abdominal pain); skin irrita
tion: Erythema (reddening) and blistering
Benzene is an extremely toxic chemical and is rarely
given the respect it deserves. In high concentration, it
affects the nervous system, resulting in drowsiness and loss
of consciousness. Exposure to a high concentration of benzene
can lead to chronic benzene poisoning, the symptoms of which
are headaches, dizziness, fatigue, loss of appetite, irrita
bility and nervousness. Benzene also acts on the bone marrow
and destroys its ability produce blood cells. This leads to
a blood disability known as anemia (a shortage of white blood
cells). This in turn lowers the body's defense against infec-
146
tions. It also has the capacity to damage the chromosomes.
In addition, benzene may cause menstrual disturbances and can
damage the unborn children in pregnant women. Besides caus
ing anemia, exposure to very small amounts of benzene, can
cause the marrow in the bones to dry up. This dried-up marrow
can later produce cancerous cells which multiply rapidly and












200 ppm of air
Inhalation
Irritant. Central nervous system depressant.
Liver damage
Dermatitis, bronchitis and pneumonitis, anorexis
(loss of appetite), nausea, vomiting, hepatome
galy (enlargement of the liver), fatigue and
weakness, headache, dizziness, incoordination,
irritability, paresthesias (morbid or perverted
sensation); narcosis (a state of profound un
consciousness produced by a drug); anemia has been




cornea); fine vacuolar lesions of cornea
Disability : No permanent effects reported.
Toluene is a powerful narcotic that causes symptoms sim
ilar to drunkeness. It also can be irritating to the eyes,
nose, skin and upper respiratory tract. It does not, however,
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seem to have a damaging effect on the blood. Therefore, it
would be a good substitute for benzene, provided it was used
with caution.
XYLENE (aka: three isomers; ortho, meta-, para, Xylol
(dime thy lbenzene )
Appearance : A clear colorless, flammable liquid from coal
tar
Threshold
Limit : 100 ppm of air
Absorption: Inhalation, Percutaneous
Pathology : Irritant, depressant for central nervous system,
possible damage to kidneys and liver
Symptoms : Conjunctivitis, dermatitis, irritation of respir
atory tract, dyspnea (labored breathing), anorexia
(loss of appetite), nausea, vomiting, fatigue,
headache, dizziness, incoordination, irritabil
ity, narcosis (a state of profound unconsciousness





Paresthesias (morbid or perverted sensation) of
the feet and hands
Less toxic than 'benzene
,
xylene should not be blindly
substituted for benzene for it, too, has hazardous effects
on the body. In high doses, xylene like benzene is a
nar-
cotic. Prolonged exposure will result in irritation of the
hemophoric (carrying or conveying blood) organs and disturb
ances of the central nervous system. The upper respiratory
system and the mucous membranes of the eyelids may also be
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irritated. Severe poisoning causes fatigue, vertigo, ineb
riation, shivering, dyspnea (labored breathing) and sometimes
nausea and vomiting, while even more serious cases may re
sult in unconsciousness.
In chronic cases there may be cardiovascular disturb
ances, burning the eyes and bleeding from the nose. Women
are liable to experience menstrual disorders, imminent abor
tion, hemorrhage in childbirth or sterility.
In addition to entering through the respiratory tract,
xylene may be absorbed percutaneous ly (through unbroken
skin) where contact can produce dry, scaly, cracked derma
titis (eczema).
KETONES
Used as solvents for fats, dyes, oils, waxes and natural
and synthetic polymers. In general they are of low toxicity,
but in concentration above the TLV (threshold limit value)
they have a narcotic effect. Inhalation of the vapor can cause
drowsiness and dizziness. Exposures of high concentration
can cause coma and malfunction of the respiratory organs;
severe cases may result in death. The odor -warning properties
of ketones are good, thus giving indication of dangerous con
centrations .
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The ketones are irritating to the eyes and upper res
piratory tract. Due to the fact that they dissolve fats,
they cause dry scaly, cracked skin. Therefore, they ( as
well as any of the aforementioned solvents) should never be
used as a cleanser for the skin. The best method for clean




cleaners are not as good as soap and water but are better
than nothing. Waterless skin cleaners shoyld be removed
from the skin with clean towels or -rags. Waterless skin
cleaners should only be used as a temporary measure to. be
followed by soap and water cleansing. It is a good idea to
use hand creams frequently to restore natural oils to the
skin.
METHYL ETHYL KETONE (aka: MEK, 2-Butanone)
Appearance : Colorless liquid,
acetone- like odor
Threshold
Limit : 250 ppm of air suggested
Absorption: Inhalation
Pathology: Irritant, depressant for central nervous system
Symptoms : Irritation of eyes and respiratory tract; .
headache; dizziness; nausea; dermatitis; high
concentrations of the vapor can cause emphy
sema and congestion of the liver and the
kidneys; narcotic properties in high concentra
tions
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If a person is to be in prolonged contact with solvents
he should take measures to provide adequate ventilation, wear
chemical goggles, chemical cartridge respirator and rubber
gloves .
SOLDERING/SILVER BRAZING
Silver soldering (hard soldering, silver brazing) is
one of the most widely used techniques in jewelry
fabrica-
tion. Associated with it are some of the most serious health
hazards that face the metalworker.
Flux is defined as a "substance used in soldering to
encourage the flow of solder and to exclude air from the
surface, thus preventing the formation of a film of oxide
which would make satisfactory soldering impossible.
"4- There
are different types of iuxes
,
some more dangerous than others,
but each has its own health hazards.
BORAX
The use of lump borax; ground with water on a little
slate dish designed for this purpose, has been used for cen
turies and is still employed today.
BORAX (aka: Sodium Borate, Soldium Tetraborate, Tinkal)
4-Anita Mason, Diane Packer, An Illustrated Dictonary
of Jewellry (New York: Harper and Row, Publishers, Inc. (1974)
p. 150
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Appearance : White, gray, bluish or greenish white streak,
vitreous or dull lustre
Threshold
Limit : None established
Absorption: Ingestion, percutaneous -- if skin is damaged
Pathology: Gastroenteritis, cerebral edema, fatty degener
ation of liver and kidneys
Symptoms : Anorexia (loss of appetite), loss of weight,
nausea, vomiting, diarrhea
Commercially prepared fluxes are more often used; one
should carefully avoid using a flux that contains fluorides.
When heated, fluoride -containing fluxes release hydrogen fluor
ide into the atmosphere. When this dissolves in the water in
the skin and mucous membranes of the nose, throat and lungs,
it turns into hydrofluoric acid. Hydrofluoric acid is used
to etch glass and has highly corrosive effects on the body.
HYDROFLUORIC ACID
Pathology : Irritant, corrosive, pulmonary edema, nephritis
(inflammation of the kidney ), degenerative
changes in liver
Symptoms : Causes burning in the lungs, chills, fever, pain
ful breathing and coughing.
Also causes severe burning of the skin.
Chronic effects on the teeth and bones through
replacement of calcium, which makes them brittle.
Commercial fluxes that do not contain fluoride can be
purchased. They may, however, contain other irritants not as
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dangerous as fluoride but harmful nonetheless. Some of these
fluxes contain boric acid and potassium fluoborate.
BORIC ACID
Appearance : Colorless or white crystals; unctuous feeling
Threshold.
limit : None established
-
Absorption: Ingestion, percutaneous if skin is damaged.
Inhalation
Pathology: Irritant, depressant for central nervous system,
renal and hepatic injury
Symptoms : Visual disturbances and conjunctivitis, nausea,
vomiting, abdominal pain, diarrhea, weakness,
fever, red confluent macular eruption (rash),
restlessness, jaundice, anuria (total suppres
sion of urinary secretion), circulatory col
lapse, convulsions
POTASSIUM FLUOBORATE
When potassium fluoborate is heated it produces fumes
that are irritating to the eyes and mucous membranes of the
respiratory tract. If flux is heated, the potassium fluobor
ate and boric acid combine, and one of the products of the
reaction is hydrogen fluoride. Hydrogen fluoride combines
with the water of the tissues in the body to produce hydro
fluoric acid. Ihe effects of hydrofluoric acid are listed on
the previous page. It is therefore essential to use protec
tive goggles and good local ventilation when soldering with
fluxes that produce noxious vapors of this type.
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Once the piece has been soldered
,
it is submerged in
a
"pickling"
solution to remove the flux and excess cuprous
oxide. The pickling solution is composed of one part sulfuric
acid to ten parts water. The acid should always be added to
the water while stirring with a glass rod. Water added to
many acids may result in a chemical reaction producing great
chemical heat or sometimes even explosion. The hazardous
effects of sulphuric acid are throughly discussed in the
section on etching. Sulphuric acid is highly corrosive and
should be handled with extreme caution. Dumping hot pieces
of metal into cold pickle will result in mists of this sul
phuric water solution rising into the immediate atmosphere.
This is detrimental to the metal as well as the human respir
atory tract and nose. Hands should be kept out of the
pickle as well. Sulphuric acid is caustic and will result
in dermatitis, skin burns and ulceration. There should be
good local ventilation at the site of the pickle bath, to
avoid inhalation of hazardous fumes
The different metal alloys used in solders should also
be taken into consideration. Solders that contain cadmium
as part of the alloy should be avoided. There are silver
solder alloys that do not contain this metal. Cadmium fumes
given off during soldering have very hazardous effects on
the body. A complete discussion of the toxic effects of
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this metal is given in the chapter on metals. Cadmium fumes
affect the brain, lungs, nervous system, kidneys, prostate,
bone and gastrointestinal tract. The symptoms of cadmium
poisoning are in acute cases: bronchitis, pneumonia, dizzi
ness, vomiting, diarrhea. In chronic cases, the symptoms are:
emphysema, kidney damage, brain damage, prost.ate cancer,
leg pain, kidneystones and weakness. If soldering with a
cadmium silver solder is unavoidable, one should make cer
tain that there is good local ventilation and should wear
an approved mechanical filter respirator.
The tremendous health hazard posed by asbestos has re
ceived international attention. Asbestos is an insidious
hazard^ for even in very bad dust conditions, the effects of
it do not surface for 5-10 years. Researchers have linked
asbestos with mesothelioma, a cancer of the membrane lining
of the chest or abdomen. In mesothelioma, the lining be
comes thickened and the chest or abdomen fills with liquid.
The cancer eventually overgrows the body and kills the victim.
It is not operable and at this time there is no known cure.
It does not take an industrial exposure to contract this
disease. There have been cases of mesothelioma in people
exposed to doses of asbestos far below the current thresh
old limit. Cases have been reported in people who have been
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exposed to asbestos dust only once in their lives.
Asbestos fibers are very fine. The fibers that can
be seen with the naked eye are actually composed of many
smaller fibers called fibrils. They are so minute that
there are 1 million of them to the inch, as compared to
human hair, of which there are 630, side by side to the inch.
*
Asbestos fibers, once inside the body, remain indestruct
ible. An inhaled fiber that you breathe when you are eight
een years old may stay in your lungs until you die. Smoking
cigarettes will further increase the chances of cancer.-. A per
son who smokes and has contact with asbestos dust has ninety-
two times the chance of dying of lung cancer than a person
who is not exposed to either of these
hazards.-'
The reason is not understood but asbestos dust actually
causes body cells to become cancerous. The body cannot rid
itself of the fibers, so it will attempt to isolate them.
The oyster trying to protect itself from a grain of sand en
cases it. Similarly^ the body trying to isolate the fibers
will encase them, resulting in scar tissue in the lungs. This
scar tissue is not elastic and normal breathing becomes- in
creasingly more difficult. The lungs hold less air and the
body must work harder to fill them. In turn^the heart must
5 Jeanne M. Stellman, Susan M Daum, Work is Dangerous
to Your Health (New York, New York: Vintage Books, 1973)
pp. 171, 172
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also work harder to pump blood through them. The area of
the lungs that is filled with scar tissue is the site of
oxygen transfer into the blood. The scars block this trans
fer .
ASBESTOS (aka: Amianthus, Amphibole , Chrysotile, Earth
Flax, Impure Magnesium-calcium Silicate, Mountain
Cork, Serpentine, Stone flax, Many Mineralogical
name s )







2 fibers per cubic centimeter of air
Inhalation, percutaneous ly (through unbroken
skin)
Asbestos warts from fibers that penetrate skin
Pulmonary interstitial fibrosis via mechanic
al action of long fibers (20-50 microns micron=
1/25,000 inch) in terminal bronchioles
Grade I: Asbestos bodies in alveoli
Grade II: Asbestos bodies, thickening of al
veolar walls; perivascular fibrosis
Grade III: Coarse honey-combing of lungs,
scarring in upper portion, thick
ening of Pleura Adhesion
Besign asbestos pleurisy may occur without
other significant pulmonary disease
Anorexia (loss of appetite), cough, dyspnea,
loss of weight, pallor, clubbed fingers, weak
ness, cyanosis (blueness of the skin and
mucous membrane due to inadequate oxygenation
of the circulating blood); decreased vital
capacity
Asbestosis, scarring lung cancer, Mesothelioma
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The best protection against the hazardous effects of
asbestos is not to use it. It is quite difficult in a
studio situation to achieve the adequate ventilation required
to protect oneself from the toxic effects of asbestos. There
are other products on the market that can replace
asbestos1
use in soldering that are far less dangerous. It is highly
recommended that these products be used instead. If asbestos
must be used, it should be used wet. If it has to be cut,
it should be cut wet. This reduces the chance of fibers be
coming airborne. In addition, one should always wear '.a
respirator that is approved for the minute asbestos fibrils
whenever one must come in contact with asbestos dust.
The effects of some of the gases encountered during the
soldering process should be mentioned.
PROPANE (aka: Dime thy lme thans , Propyl Hydride)
Appearance : Heavy gaseous hydrocarbon
Threshold
Limit : 1,000 ppm of air
Absorption: Inhalation
Pathology: Irritant, asphyxiant, depressant for the cen
tral nervous sy stem
Symptoms : Irritation of eyes and respiratory tract, dizzi
ness, muscular weakness; skin burns can
result
from contact with liquid propane.
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ACETYLENE (covered in the chapter on Welding)
Other gases like hydrogen and oxygen are not toxic in
normal quantities. However, when they or any other gases be
come disproportionate in the surrounding atmosphere, normal
breathing can be affected. This will result in dizziness,
unconsciousness or even death. To avoid this
,
adequate ven
tilation must be maintained so that there is a constant flow
of fresh air.
WELDING
Welding is the term that refers to the joint or union
between two pieces of metal that can be achieved through
application of various methods of heat. The two most fre
quently encountered by the metalsmith are electric and oxy-
acetylene welding. Whenever heat is liberated in the 'work
place, there is the production of chemical and physical re
actions that would not normally take place at room tempera
ture. These reactions give rise to various kinds of radia
tion, toxic chemicals like metal fumes, and dusts as well
as hazardous vapors.
In both electric-arc welding and oxy-acetylene welding.
there are some potential physical hazards. Welders often
are seen working under a shower of sparks. The sparks con
sist of tiny shreds of hot metal, occasionally still molten.
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Even after traveling thirty feet through the air, the temper
ature of these little sparks is somewhere around 1,000F.
If they land on skin, they will cause painful burns; if they
land elsewhere, they may cause a fire.
Radiation hazards are encountered when the metal begins
to reach its molten state. There are certain characteristic
colors that can be used to estimate the temperature of the
metal (red, yellow, thenwhite -hot ). These colors are indi
cations of the presence of visible .light . In
addition'
to
the visible light, there is also the presence of invisible
light radiation. The metal that is being welded also gives
ultraviolet (UV) , visible and infrared (R) waves and often
microwaves, as well as color indication.
Infrared and visible light radiation produce intense
heat which will result in burns, headaches, fatigue and ser
ious eye damage. Excess exposure to ultraviolet rays will
result in severe blistering much the same as an extreme sun
burn. Prolonged exposure can also lead to skin tumors that
may become malignant. Infrared radiation can burn the lens
of the eye and cause it to cloud: this condition is called
a cataract. The microwaves that are produced also have
thermal effects caused by the deep penetration of the waves.
Given high enough intensity, there can be very serious ef
fects. When the body temperature rises signif icantly^ a person
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can go into a coma and die (similar to running a high fever),
Microwaves have effects on specific organs as well as on
the entire body. Because the lens of the eye does not have
its own blood supply, it cannot disperse heat. When subjec
ted to great amounts of heat, the lens is damaged and catar
acts may result. The testicles can also be harmed by excess
heat. They must remain cooler than the rest of the body
(which is why they are external organs). can
increase their temperature, which results in degeneration
of the cell lining. It is also now feared that microwaves
may produce certain genetic changes such as birth abnormal
ities in children fathered by men exposed to this hazard.
It has been reported that the majority of
electric-
arc welders have at some time been afflicted with the eye
problem referred to as "arc
eye."
Many others have suffered
conjunctivitis ("pink-eye"), and one-tenth have had injuries
to the cornea.
The chemical hazards that can result from welding de
pend on the materials to be welded and the method used to
weld them. Serious problems can arise from the vapors .of
metal being welded, the byproducts of gases oxidizing in the
air, cleaning chemicals utilized in the welding process and
burning off of metallic-based paints left on the workpiece.
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When there is an excess of gases in the working atmos
phere and the normal oxygen supply is replaced, suffocation
or immediate acute poisoning can result. Welding can also
give off fine dusts that can have chronic effects on the
body.
When the welding is done with an oxy-acetylene system,
oxygen gas is used to burn the acetylene gas. This chem
ical reaction results in the production of water and carbon
dioxide. Carbon dioxide is a component of the earth's at
mosphere and in normal quantities it is not toxic. If,
however, the proportion of carbon dioxide builds up in a
poorly ventilated work area, it will cut off
the worker's
supply of oxygen.
CARBON DIOXIDE (aka: Carbonic acid, Carbonic acid
anhydride, Carbonic acid gas, Carbonic
anhydride)




000 ppm of air
Absorption: Inhalation
Pathology: Stimulant for the central nervous system-
Symptoms : Headache and dizziness, tinnitus (a ringing,
rushing or buzzing sound in the ears; caused
by a malfunction of the auditory nerve);
muscle tremors and weakness, acrocyanosis
(coldness and blueness of hands and feet due
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to inadequate oxygenation of the circulat
ing blood), nausea, vomiting, drowsiness,
and eventually unconsciousness
In a damp atmosphere, the carbon dioxide can combine
with the surrounding water vapor to form carbonic acid.
This is ,an irritant to the eyes, skin and mucous membranes.
Carbon monoxide can also develop from the incomplete
burning of acetylene gas during the weldii\g
process.'
CARBON MONOXIDE (discussed in the chapter on blacksmithing)
There is also the chance of acetylene leaking unburned
from the torch or from faulty regulator-to-cylinder valves.
ACETYLENE (aka: Ethine
, Ethyne)
Appearance : A clear, colorless gas, ethereal odor
when pure
Threshold
Limit : 5,000 ppm of air
Absorption: Inhalation
Pathology : Asphyxiant via anoxia (oxygen deficiency)
Symptoms : In low concentrations: a mild narcotic or intox
icant. In high concentrations: rapid breath
ing and air hunger, loss of coordination.
Dizziness, headache, nausea, cyanosis (blueness
of the skin and mucous membranes due to inade
quate oxygenation of the circulating blood),
stimulant for central nervous system, then coma
or death.
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There are also contaminants associated with commercial
acetylene. These chemical impurities may include phosphine,
hydrogen sulfide, arsine and carbon disulfide. Phosphine is
an irritant to the eyes, nose and skin. It also is a de
pressant of the central nervous system with degeneration of
ganglia (a type of nerve cell). Additional symptoms are
kidney damage, lung irritation and a variety of other ill
nesses. Arsine is also highly toxic, and i,ts effects may not
be evident for up to two days. It can cause numbness, -cold
ness, a tingling of feet and hands, abdominal tenderness,
weakness
, pulmonary edema (abnormally large amounts of fluid
in the air sacs of the lung), jaundice, bronzing of skin due
to blood damage, increased blood calcium, shock, delirium
and death.
The arc welding process causes electricity to pulse
at approximately 100 volts, stripping electrons from gasses
in the surrounding atmosphere. This releases enough energy
in the air to turn nitrogen and oxygen (which are found in
the atmosphere) into oxides of nitrogen and ozone.
NITROGEN DIOXIDE: (aka: Nitrogenperoxide )
Appearance : A brownish-red gas
Threshold
Limit : 5 ppm of air
Absorption: Inhalation
163
Pathology: Nitrogen dioxide hydrolyses (combines with the
water in the tissues in the body) to form nitric
acid, nitrous acid, and nitric oxide.
Nitric acid combines with the oxyhemoglobin (a
compound of hemoglobin with two atoms of oxygen)
to form methemoglobin (a modified form of oxyhemo
globin; the oxygen is so firmly held in this com
pound it does not function in respiration)
Irritant
Pulmonary edema (abnormally large amounts of fluid
in the air sacs of the lung) and bronchiolitis
obliterans (destruction of the lung cells).
Bronchiolitis fibrosis cystica (destruction of
the lung cells marked by ingrowth of connective
tissue)
Symptoms : Conjunctivitis C'pirik"eye") , edema of eyelids,
corneal ulceration.
Yellow-brown discoloration of the skin, hair,
teeth, irritation of the skin. t
;
Acute inhalation: symptoms may be delayed for 24
hours
Respiratory: chest pain, dyspnea (labored breath
ing), cough with yellow sputum (saliva mixed with
mucous) or blood, cyanosis (blueness of the skin
and mucous membrane due to inadequate oxygenation
of the circulating blood), fever, asthmatic
breathing, increased respiratory rate, tracheo
bronchitis (inflammation of the windpipe ), -bron
chopneumonia (inflammation of the lungs), pul
monary edema
Central nervous system: Headache, dizziness, weak
ness, ataxia (loss of muscle coordination), delir
ium, unconsciousness, convulsions
Gastrointestinal: Acid taste, nausea and vomiting,
abdominal pain
Circulatory: Increased pulse rate, decreased blood
pressure, cardiac arrhythmias (irregularity of
the heart or pulse), collapse
Chronic inhalation: Headache, insomnia, ulcers of
nose and mouth, anorexia (oxygen deficiency in the
blood) and dyspepsia (impairment of the function
of digestion), yellow staining of the teeth and
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skin, dental erosion, weakness, chronic bronchitis
(inflammation of the windpipe), emphysema (a
puffed condition caused by air in the organs or
tissues of the body)
Ozone is a gas sometimes formed during electrical storms
In welding, ozone is created when ultraviolet radiation reacts
with the oxygen in the atmosphere. During welding, if the









Bluish gas, pungent odor, another combination of
the oxygen atom
0. 1 ppm of air
Inhalation
Irritant
, pulmonary edema (abnormally large
amounts of fluid in the air sacs of the lung
Irritation of eyes, rhinitis (inflammation of
the mucous membranes of the nose), dyspnea (la
bored breathing), cough, bronchitis (inflamma
tion of the windpipe) and pneumonia (inflamma
tion of the lungs), pulmonary edema, headache,
vertigo, fatigue, drowsiness, anorexia (loss
of appettite), nausea, vomiting,
hemorrhage
(copious escape of blood), shortness of breath.
Affects the genetic structure of the cells 'in
a similar manner as X-rays.
No exposure is really safe because any
dose
will affect the cells in some way.
Possible cause of cell cancer.
One other possible by-product of welding, phosgene, can
be caused when ultraviolet rays given off by welding come in
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contact with degreasing chemicals containing chlorine that
are located in the work area or in the workpiece being welded
(i.e.
,
a drum container). Phosgene gas was used during World
War I as. a nerve gas. If phosgene gas is ever smelled (odor
of new mown hay or green corn), the area should be evacuated
and ventilated with fresh air before returning.
PHOSGENE (aka: Carbonyl chloride, Carbon oxychloride,
Chloroforay chloride)
Appearance : Colorless, irritating, .suffocating gas; smell of
new mown hay or green corn
Threshold
Limit : 1.0 ppm of air
Absorption: Inhalation
Pathology: Irritant : probably forms a carboxy linkage with
protein and cellular enzymes
Symptoms : The effects may be delayed for up to 24 hours.
Conjunctivitis ("pink-eye"), and corneal turbidity
(cloudiness of the cornea), headache, rapid
respiration, chest pain, dyspnea (labored breath
ing), cough with hemoptysis (spitting of blood),
cyanosis (blueness of skin and mucous membranes
due to inadequate oxygenation of the circulat
ing blood), apprehension, nausea, vomiting, epi
gastric (pertaining to the anterior wall of the
abdomen), pain, bronchitis (inflammation of
the
windpipe), pulmonary edema (abnormally large
amounts of fluid in the air sacs of the lungs),
shock, in acute cases: death.?
Welding should never be done within 200 feet of degreasing
equipment.
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Fumes also create hazards of vaporized metals, metal
lic oxides and chemical by-products of the welding process.
The same problem exists in welding as in silver brazing with
respect to flux. The fluxes in the coated welding rods usu
ally contain fluorides. These rods release hydrogen fluoride
which readily combines with water in the body tissues, becom
ing hydrofluoric acid. The hazards of hydrof luoride acid are
listed in the chapter on soldering. There, is also a suffi
cient percentage of manganese in these electrodes, which,
when melted, produces highly toxic vapors. The effects of
manganese are discussed in the section on metals. The metals
commonly encountered in welding are brass, cadmium, nickel,
nickel carbonyl, chromium, zinc and lead. Complete discus
sion of these metals and their hazardous effects can be found
in the metals section.
Exposure to these fumes can cause "metal fume
fever."





The Health Committee of the National Safety Council de
fines metal fume fever as an acute condition of short dura
tion caused by a brief exposure to freshly generated fumes
of metals. To cause metal fume fever, there must be heavy
concentrations of fumes. Handling these oxides in their
powder form, will not produce this illness. Symptoms of this
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disease appear from four to twelve hours after exposure.
The term
"fresh"
when applied to the fumes is not actually
a correct picture, for it is not the freshness of the fumes
that is important as the size of the particles of metal.
This disease is induced by the inhalation of finely divided
particles of metals so small that they react much like a gas
and act upon the alveolar surfaces affecting the lung tissue
and not the upper respiratory tract. An immunity can occur
as long as the exposure is continued , but as soon as It
ceases^, the immunity is lost. A very high concentration may
also result in failure of the individual's tolerance to the
metallic
fumes.-*
The symptoms occur within 4-8 hours, and they are
usually preceded by a foul taste in the mouth. Next in the
sequence may be irritation of the upper respiratory tract,
accompanied by coughing and a dryness of the mucous mem
branes, muscular pains, a sudden onset of chills, weakness,
fatigue and general malaise.
Additional symptoms are nausea, occasional vomiting,
mild to severe headaches
,
and sometimes exaggerated mental
activity. Ten to twelve hours after exposure to the fumes
ceases
,
chills and fever are noted and may become quite






severe. These severe chills may last from one to three hours,
followed by a period of deep sleep. Profuse sweating may
accompany these chills. Examination of the blood shows an
increase in white blood cells. The illness, however, is rel
atively brief and complete recovery occurs usually within 24
hours.
Preventive Health Measures:
A Union Carbide pamphlet on the hazards of welding has
listed the following safety precautions for protection -from
ultra-violet radiation.
"1. Cover all skin surfaces for protection from arc
burns from sparks and spatters. Keep sleeves rolled
down, and wear gloves and a helmet with correct lens
shade at all times.
2. Wear leather clothing such as an apron, sleeves
and spats in cases of prolonged exposure to arc radi
ation.
3. Wear a leather cap to protect the head fr
sparks or spatter when the work is overheated.
om
4. Wear appropriate earmuffs or earplugs when
sustained plasma arc welding or cutting is being per
formed .
5. Shield your station with metal of asbestos
shields to protect your neighboring workers from
exposure to ultraviolet radiation. If your station
cannot be shielded in this manner, all those coming
within 75 ft. should wear safety goggles when weld
ing or cutting is in progress.
169
6. Use a welders helmet with the correct shade
of lens :
no. 8 30-75 amps
no. 10 75-200 amps
no. 12 200-400 amps
no. 14 above 400 amps
7. Wear snug, tight-fitting shoes. Avoid wearing
low or loose shoes which would allow hot spatter to
get 'inside .
8. Wear cuff less pants. This elminates spark
and spatter traps.
9. Wear clean clothes. Do not wear clothing
that has been stained with oil and grease.
"
To combat the hazards of metallic fumes, chemical vapors
and excess heat, proper ventilation and cooling systems must
be installed. In some cases^ natural-draft ventilation may be
sufficient. Where the process liberates many hazardous
fumes, a system of forced-air ventilation, local exhaust hoods
or booths, or personal respiratory equipment must be employed.
6union Carbide . Precautions and Safe Practices for
Electric Welding and Cutting (New York: Union Carbide Corp. ,
Linde Division 1975), p. 12
APPENDIX A
RESPIRATORY EQUIPMENT AND VENTILATION SYSTEMS
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RESPIRATORY EQUIPMENT
(Note : This section is intended as a basic introduc
tion. For more detailed information,
metal-
smiths are urged to consult the section of
the Encyclopedia of Occupational Health and
Safety on "Respiratory Protective
Equipment,"
or the American Standards Institute book
let, "Practices for Respiratory
Protection,"
available from ANSI at 140 Broadway, New
York, N. Y. 10018. )
For the majority of materials except the highly toxic
ones, respiratory protection can be achieved through good
ventilation. Respirators are not always the best protective
measures; they should usually be employed only for very cor
rosive and caustic materials and in emergency situations,
wher<- there is not good local ventilation. It is impracti
cal for a metalsmith to wear a respirator for an eight hour
workday: first, because it would be terribly uncomfortable,
and second, because each face is shaped differently; 'the
fit cannot be expected to be perfect for everyone and maxi
mum protection could not be insured. It would therefore
seem far more reasonable and safer to install good local
ventilation.
When choosing a respirator there are determining fac




b) gaseous toxic contaminants;
c) airborne particulate matter;
d) any combination of the
above."
The Encylopedia of Occupational Health and Safety lists
the following methods of evaluating', which respirator is
needed for a particular hazard:
"a) Is there sufficient oxygen in the atmosphere
to sustain life and working capacity?
b) What are the dangerous atmospheric contam
inants to which the workers will be exposed?
c) What is their effect on the body and are
they immediately dangerous to life?
d) What is the concentration of the contaminant
in the air and its recommended maximum per
missible concentration?
'
e ) Is the equipment for emergency or day-day
use and
,
if the latter what emergencies 'may
occur ?
f) How often and for how long will the appar
atus be worn?"2
For proper appraisal of the hazard, an air sample is
required. There are instruments available for this purpose.
Some can perform on the spot analysis; however, some of the
samples must be sent to the laboratory.
There are basically three types of respirators :




respirator and gas mask.
Encyclopedia of Occupational Health and Safety, 1971
ed., "Respiratory Protective
Equipment"
by A. M. Minno and
C. R. E. Merkle, p. 1214
2Ibid, pp. 1214-5
173
b) supplied air : respirator utilizing a source
of filtered air.
c) self-contained : an apparatus depending on a
mechanical air supply requiring
a compressed air system.
The most versatile respirator is the self-contained
air line type, because it protects the wearer against vir
tually all possible contaminents. It is, however, the most
expensive.
The disposable cloth or inexpensive sponge
masks*
should be used only as a protection against large
- par t ic le
,
non-toxic, nuisance dusts. They serve only to prevent par
ticulate matter from entering the respiratory tract, but
cannot protect against toxins in any form.
A respirator must be properly maintained. The respir
ator should be cleaned and inspected on a regular basis.
The cartridges on those respirators must be changed regular

































































(NOTE : As with the preceding section, this section
is also intended only as an introduction to
ventilation systems. An expert should be
consulted to design a system. The American
Conference of Government Industrial Hygienists,
in Cincinnati, Ohio, has a Committee on
Industrial Ventilation, which has written
a manual on ventilation systems used by ex
perts in the field. It is called "Indus-'
trial Ventilation- -A Manual of Recommended
Practice.")
Ventilation is one of the most important methods of
controlling health hazards in the studio. There are two dif
ferent kinds of ventilation systems. One common type intro
duces fresh air into the atmosphere of the studio and thereby
dilutes and lowers the threshold level of the contaminants
in the studio. The other type of ventilation is referred to
as local ventilation, which draws the contanimants away from
the studio atmosphere at the site of their origin. Local
ventilation is extremely important in the use of higly toxic
substances ( i. e , welding, etching, bath, plating solution,
grinding, asbestos products, etc.).
It prevents toxins from
filtering out into the worker's breathing area. The local
exhaust system is composed of a number of parts : exhaust hood
to trap the contanimant , some type of duct system to carry
the contaminant away from its origin, an exhaust fan to draw
away the air, and, occasionally,
an air-purifying device.
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The factors that determine the type and size of the
exhaust hood and the construction materials of the hood and
duct system, depend on the type of material that is being
removed. Local exhaust systems must be designed so that
the contaminant is drawn back and away from the source and
not drawn upwards, so that the person is not directly, in the
flow of the contaminant (see diagram).
General ventilation is often used heat or cool the
air in the studio. It also is a means of bringing fresh air
into the studio and thereby diluting any existing contamin
ants. A ventilation system of this type consists of air
inlets and air outlets. There are several factors that
should be considered when constructing a dilution ventila
tion system. The size of the air ducts is important; there
should be equalization between the outgoing and incoming air;
the ducts must be far enough apart so that the incoming air
is not contaminated by the outgoing air; the air ducts should
be placed so that the air is in constant circulation and there
are no direct drafts.
Once a system is decided upon and installed^ it must be
checked and maintained so that it is always in proper work
ing order .
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EXHAUfTlKK^ AND AlR CIRCULATING, Vbnjtilatiom
BLOWING^: A?PROX l07o OF FACE VELOCITY






AIR VELOCITY AT FACE OF BOTH
y
EXHAUSTING-:
^ APPROX. I070 OF VACE VHLOCiTy
\ AT ONE DIAMETER AV\jAy
EKotM EXHAUST OPENING
^00 FPM
Diagram demonstration of the effectw/eness of
BEOVJINC-, VERSES EXHAUSTING SySTEKAS AT equAL.
A\R VELOCITY
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A. Incorrect exhaust system
-
contaminant is clraiun. throuoh
uuorKer's breathi np 2ione.
^
B. Correct exhaust system
-
contaminant is drauon bacK
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GLOSSARY OF MEDICAL TERMS
Acidosis : Acid intoxication due to faulty metabolism
Acrocyanosis : Coldness and blueness of hands and feet due to
inadequate oxygenation of the circulating blood
Adrenal cortical: The exterior membrane of the adrenaline
gland
Albumin: A protein found in nearly every animal and in many
vegetable tissues
Albumuria : Having albumin in the urine
Alveolar : Pertaining toan alveolus or air sacs of the l.ungs
Anemia: General or local deficiency in the amount of hemoglo
bin and characterized by pallor and loss of
Anesthesias : Loss of feeling or sensation, especially loss of
tactile sensibility
Anorexia : Loss of appetite
Anosomia : Loss of sense of smell
Anoxia : Oxygen deficiency, oxygen lack--a condition in which
the cells of the body do not have or cannot utilize suffi
cient oxyygen
Anuria: Total suppression of urinary secretion by the kidney
Aplastic anemia: A growth deficiency of the hemoglobin of the
red blood cells in the blood
Argyria : Greyish pigmentation of the skin caused by absorbed
deposits in the skin tissue
ArgyrolenLis : A condition ol the lens of Lhe eye character
ized by a golden sheen to the anterior lens capsule
Argyrosis cornea: Bluish discoloration of the transparent mem
brane forming the outer coat of the eyeball.
Arrhythmia : Any variation from the normal rhythm of the heartbeat
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Arthralgia: Pain in a joint
Asthenia : Lack or loss of strength or energy; weakness
Ataxia : Loss or failure of muscle coordination
Atrophy: Stoppage or withering of the body or any of its
parts ; stoppage of growth; waste away
Berylliosis : Formation of tumors made up of granulation of
tissue- in the lungs, liver or skin
Bilirubinuria: Presence of a red bile pigment in the urine
Brachial: Pertaining to the arm
Bronchial irritation: Irritation of the bronchia which con
nect the windpipe with the finer -subdivisions of bron
chial tree.
Bronchioles : One of the finer subdivisions of the bronchial
tree
Bronchiolitis fibrosis: Destruction of the lung cells marked
by the ingrowth of connective tissue
Bronchiolitis obliterans: Destruction of the lung cells
Bronchitis : Inflammation of the windpipe
Bronchopneumonia : Inflammation of the lungs
Buccal mucosa : The mucous tissues beyond the areolar (any
minute space in a tissue) gingiva (gum) on buccal (per
taining to the mouth) surfaces
Bulia: Large blisters
Cancer : A cellular tumor
Carcinogen : Any cancer producing substance
Carcinoma : A malignant new growth whose cells tend to infil
trate the surrounding tissues
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Cirrhosis : A disease of the liver, marked by progressive
destruction of the liver cells
Choroiditis : Inflammation of the vascular coat of the eye
Colic: Acute abdominal pain
Coma : A state of complete loss of consciousness from which
the patient cannot be aroused by any stimulation
Conjunctivitis : Inflammation of the mucous membranes lining
the eyelids and covering the front part of the eyeball,
"pink-eye"
Conv u 1 s i ons : Violent, involuntary contraptions of the vol
untary muscles
Corneal turbidity: Cloudiness of the cornea
Cyanosis : Blueness of the skin and mucous membranes- due to
inadequate oxygenation of the circulating blood
Cytotoxia : A toxia or antibody which has a specific toxic
reaction upon cells of special organs
Deliquescent : Becomes liquid by absorption of moisture from
the air
Depigmentation: Loss of skin color
Dermatitis : Inflammation of the skin
Diarrhea: Abnormal frequency and liquidity of fecal discharges
Dyspepsia : Impairment of the function of digestion
Dyspnea : Labored breaching
Eczema : An inflammatory skin disease
Emphysema : A puffed condition caused by air in the organs or
tissues of the body
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Encephalopathy : Any degenerative disease of the brain
Endogenous : Originating within the organism
Enzyme (cellular): An organic compound capable of accelerating
a change in the cells
Eosinophilis : The formation and accumulation of an usual
number of blood cells readily stained by eosin (a type of
plasma stain; 02(^38^05)
Epigastric : Relating to the anterior wall of the abdomen
Epistasis : The checking of any discharge, as of blood, menses
or lochia
Epithelial hyperplasia : Abnormal increase in the number of
normal cells in normal arrangement in the covering o the
skin and mucous membranes
Epithelioma : A malignant tumor consisting mainly of epithe
lial cells and primarily derived from the skin or mucous
surface
Epithelium: Membranous tissue serving to line canals, cavi
ties and ducts of the body and the free surfaces exposed
to air




Erythrocyte : A red blood cell
Exfoliative dermatitis: The skin falling off in scales or
layers
Extrapyramidal : Outside of the pyramidal tracts
Fibrosis : The formation of fibrous tissue; fibroid degener
ation
Fibrillation: A condition causing irregular heartbeat
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Gangrenous : Massive death of tissue
Gastroenteritis : Inflammation of the stomach and intestines
Gastrointestinal irritation: Irritation of the stomach and
intestines
Genetocrurai: Pertaining to the reproductive organs and the
leg
Gingivitis : Inflammation of the gum
Gliosis : A condition associated with the presence of a tumor
Glottic: Pertaining to glottis--a vocal apparatus of the
larnyx
Granomatous : Little lumps
Hematemesis : Vomiting of blood
Hematopolietic : Pertaining to the formation of blood cells
Hematuria : Blood in the urine
Hemophoric : Carrying or conveying blood
Hemoptysis : Spitting of blood
Hemorrhage : A copious escape of blood from the vessels:
bleeding
Hepatomegaly: Enlargement of the liver
Histamine : A dilator of the capillaries and a stimulator of
gastric secretion
Hyperemia : Excess of blood in any part of the body
Hyperihidrosis : Excess sweating
Hyperkeratosis : Excess of keton formation
Hyperpnea : Abnormal increase in the depth and rate of the
respiratory movements
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Hypertension: Abnormally high tension; especially high blood
pressure
Hypertonia : Excessive tension or activity
Hypochromic : A condition marked by an abnormal decrease in
the hemoglobin content in the red blood cell
Iritis : Inflammation of the iris
Intoxication: Poisoning; the state of being poisoned
Intravenous : In, into, or from within a vein or veins
Jaundice: A diseased condition of the liver due to the pre
sence of bile pigments in the blood and character ize.d by
yellowness of skin and eyeballs
Keratitis : "Spinner's eye"; inflammation of the cornea
Lacrimation : The secretion of tears
Lassitude : A state of weariness, fatigue
Lesions: Abnormal oc harmful changes in the structure of
an organ or tissue
Leukemia : A fatal disease of the blood forming organs
Leukocytes : White blood cells
Lipemia : Presence of an abnormally high concentration of fat
or lipid in the blood
Lumbar : Pertaining to the loins
Lymphatic : Pertaining to lymph (a slightly yellow liquid
of alkaline reaction)
Lymph follicles: An aggregation of gland- like substance,
chiefly found upon the mucous surfaces
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Lymphocytic : Pertaining to a variety of white blood cells
arising in the lymph glands and nodes
Macular : A stain or spot; a discolored spot on the skin not
elevated above surface
Mediastinitis : Affecting pleural sacs of the chest
Me themog lob in : A modified form of oxyhemoglobin; the oxygen
is so. firmly held in this compound it does not function
in respiration
Mucosa : The mucous membranes
Myocardium: The muscular substance of the heart
Narcosis : A state of profound unconsciousness produced by
a drug
Nausea : Tendency to vomit; sickness at the stomach
Necrosis : The death of a cell or group of cells (or death
of tissue in a living animal due to infection or burns)
Nephritis : Inflammation of the kidney
Neuritis : Inflammation of the nerve
Neuronosis : Paralysis of thumb and forefinger after pro
longed exposure
Nocturia: Excessive urina tion at night
Normocytic : Normal red blood cells
Nystagmus : An involuntary rapid movement of the eyeball
Oliguria : Reduced daily output of urine
Oxyhemoglobin: A compound of hemoglobin with two atoms of
oxygen
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Papuloyesicular : Characterized by the appearance of pimples
and blisters
Paresthesia : Morbid or perverted sensation, an abnormal
sensation as burning, prickling, formication, etc. t
Paroxysmal : Sudden recurrence or intensification of symptoms
Percutaneous : Through the unbroken skin
*
Peribronchial: Situated around or about a bronchus . (either
of the two main branches of the windpipe)
Perivascular : Situated around a vessel
Pharyngitis : Inflammation of part of the alimentary canal
between the palate and the esophagus, serving as a passage
for air and blood
Pigment cirrhosis: Coloration of the liver
Platinosis : Pronounced irritation of throat and nasal
passages
Pneumoconiosis : A chronic fibrous reaction in the lungs to
the inhalation of dust
Pneumonia: Inflammation of the lungs
Pneumonitis : A condition of localized acute inflammation of
the lungs
Pons: Any slip of tissue connecting two parts of an organ
Precordial: Pertaining to the region over the heart or stomach
Proteinuria : Presence of protein in the urine
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Pulmonary: Pertaining to the lungs
Pulmonary edema: Abnormally large amounts of fluid in the
air sacs of the lungs
Purpura : Purple spots on the skin caused by extravasated
blood'.
Pustulation: Formation of small elevations of the outer layer
of the skin filled with pus
Pyorrhea : A discharge of pus
Pyrogen: A fever -producing substance
Renal tubules : Small tubes connected to the kidneys
Retinitis : Inflammation of the retina
Retrobulbar : Behind the pons or behind the eyeball
Rheumatism: A disease marked by inflammation of the connec
tive tissue structures of the body, especially muscles and
joints
Rhinitis: Inflammation of the mucous membranes of the nose
Rhinopharyngitis : Inflammation of the throat above the level
of the soft palette
Rhinorrhea: Running of the nose
Sialorrhea : Salivation
Siderosis : Chronic fibrous reaction in the lungs to the in
halation of iron or its oxide
Sommolence : Oppressive drowsiness or inclination to sleep
Splenomegaly : Enlargement of the spleen
Sputum: Saliva mixed with mucous
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Stenosis : A narrowing of a duct or canal in the body
Stomatitis : Inflammation of the mouth
Subcutaneous : Beneath the skin
Substernal : Below the sternum
Tentany : Syndrome manifested by sharp flexion of the wrist
and ankle joints, muscle twitching, cramps and convul
sions
Tracheitis : Inflammation of the trachea
Ulceration: Disintegration and death of tissues
Ur t icar ia : Welts and reddening of the skin
Vasomotor : Presiding over the expansion and contraction of
the blood vessels
Ventricular : Pertaining to the small portion of the heart
Vertigo : A sensation as if the external world were revolv
ing around the patient
Vesticles: Blisters
